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Abstract

Background Several studies of diabetes suggest an obesity paradox: persons without diabetes have an increased risk of death
due to obesity, whereas obesity decreases the risk of death for people with diabetes. A recent study finds the same obesity
paradox with the number of healthcare visits. Whether empirical biases and confounding lead to this paradox is yet to be
determined.

Objective To examine changes in the relationship between BMI and number of visits in diabetic vs nondiabetic populations,
controlling for confounding risk factors.

Methods Using adults in the nationally representative Medical Expenditure Panel Survey (MEPS) from 2008 to 2016,
N=210,317, we examine the proposed relationship using six measures of healthcare visits with zero-inflated negative bino-
mial regressions controlling for age, gender, race/ethnicity, income, education, region, health insurance, chronic conditions,
and smoking. We excluded persons with type 1 diabetes and gestational diabetes.

Results We find an obesity paradox among people with diabetes for three measures. That is, relative to people without
diabetes, normal weight people with diabetes have more emergency room visits, inpatient, and office-based physician visits
than do the obese with diabetes. However, we do not find an obesity paradox in any of the six measures once we exclude
smokers and persons ever diagnosed with cancer or cardiovascular disease.

Conclusion The obesity paradox does not exist at the utilization level and is due to the presence of statistical biases such as
confounding and reverse causation. Physicians should continue to focus on efforts to prevent obesity in patients with diabetes.

Keywords Obesity - Healthcare utilization - Diabetes - Outpatient visits

Introduction

Increases in body mass index (BMI) increase the risk of
mortality [1-5] and the likelihood of developing type 2 dia-
betes and other diseases (e.g., cardiovascular disease, hyper-
tension, coronary artery disease, stroke and heart failure)
[6-12]. However, a number of studies[12—19] investigat-
ing individuals with type 2 diabetes have shown a decrease
in mortality risk among overweight and obese individuals
compared to normal weight people, a phenomenon called
the “Obesity Paradox” [20, 21] Obesity accounts for 80-85
percent of overall risk for type 2 diabetes [22]. Because of
the obesity paradox, clinicians might place less emphasis
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on preventing obesity among patients with diabetes. This
has recently become the focus of more scrutiny during the
COVID-19 pandemic since both obesity and diabetes are
high risk categories for COVID. In this paper, we reexamine
the obesity paradox.

One explanation for the obesity paradox is the failure to
address confounding variables and reverse causation biases
in studies examining the relation between obesity and the
risk of mortality [23]. For example, since smoking is nega-
tively associated with BMI and positively associated with
risk of mortality, appropriate analytical adjustment for the
confounding effect of smoking status is important [24].
Some chronic diseases such as cancer lead to both weight
loss and elevated risk of death [25-28], thus leading to an
underestimation of the effect of weight on mortality risk.
Another explanation for the paradox is that diabetes among
non-obese persons may be the result of different and pos-
sibly more severe disease processes [13]. Some chronic
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diseases (e.g., cardiovascular diseases) can cause weight
loss, more so among persons with diabetes, and are most
likely to be positively associated with number of visits. In
addition, if diabetes among non-obese people represents a
more severe disease process, one can expect the presence of
the obesity paradox in the number of visits among persons
with diabetes.

To our knowledge, only one study has examined the exist-
ence of the obesity paradox in the use of emergency room
and inpatient services among persons with diabetes using
the Medical Expenditure Panel Survey (MEPS) data for the
years 2000-2011 [29]. Among persons with diabetes, this
study found that the use of one or more inpatient (>1 vs
none) and emergency room (> 1 vs none) services was 3.9
percentage points and 3.5 percentage points higher, respec-
tively, among normal weight individuals than among the
obese individuals. Our study builds on this study using the
same data in the following ways. First, we update the data
to 2008-2016. Second, we restrict our study to persons with
type 2 diabetes excluding women with gestational diabetes
and individuals with type 1 diabetes. Third, we examine
a wider spectrum of visits (e.g., office-based, outpatient,
emergency room, and inpatient visits). Fourth, we include
additional provider settings (e.g. office-based total as well
as physician visits, and outpatient all as well as outpatient
physician visits). Fifth, we also analyze number of visits by
excluding smokers and persons with cancer or cardiovascu-
lar disease diagnoses.

Methods
Data sample

The Medical Expenditure Panel Survey (MEPS) is an annual
nationally representative survey sponsored by the Agency
for Healthcare Research and Quality (AHRQ). A new panel
is introduced every year and persons in each panel are fol-
lowed for two years. Every year, the survey interviews about
15,000 households to get a nationally representative sample
of the civilian, non-institutionalized US population. It col-
lects health status, health insurance coverage, and health
care number of visits and expenditures information for each
household over the course of two years. This study uses
MEPS data for the years 2008-2016. There were 210,797
persons (including 335 individuals identified as diabetic at
the time of the Diabetes Supplement Survey but not in the
regular household survey) with a positive survey weight as
well as non-missing BMI. Our analytic sample included
persons who were never diagnosed with diabetes or were
diagnosed with type 2 diabetes by excluding those (a) who
were taking only insulin and were below the age of 30 at
the time of diagnosis (n=469) and (b) those who reported

being pregnant and were diagnosed with diabetes during
the survey year (n=11). There were 210,317 individuals in
our analytical sample. For additional analyses, we excluded
those with a history of smoking and those with a history
of cancer or cardiovascular disease diagnoses (myocardial
infarction, angina, coronary heart disease, stroke and other
heart disease). The sample for additional analyses included
142,551 individuals. From this point onward, we will refer
to the analytic sample as the ANS sample and the sample for
additional analyses as the ADS sample.

Measures
Health care number of visits
We used the following visit measures:

All outpatient visits (> 0). Total number of visits to hos-
pital outpatient departments.

Outpatient visits to physicians (>0). Total number of hos-
pital outpatient department visits to physicians.

All office-based provider visits (= 0). Total number of
visits to office-based (OBD) health care providers (phy-
sicians as well non-physicians).

Office-based physician visits (= 0). Total number of
office-based visits to physicians.

Emergency room visits (> 0). Total number of visits to the
emergency room (ER).

Inpatient stays (>0). Total number of hospital inpatient
discharges.

Health status and sociodemographics

We used BMI (kg/m?) to categorize an individual’s weight
using five dummy variables—underweight (BMI < 20), nor-
mal weight (20 <BMI < 25), overweight (25 <BMI < 30),
obese (30 <BMI < 35), and severely obese (35 > BMI). Dia-
betes was self-reported either in the household survey or in
the diabetes supplement survey. We used an individual’s age
in years and reported smoking status as a dummy variable.

An individual’s health insurance status was indicated
via dummy variables—any private (not with non-Medicare
public insurance), Medicare only, any public (with/with-
out Medicare or private) and uninsured. Private coverage
indicated coverage by private third parties or Tricare. A
five-category variable controlled for individuals’ educa-
tion in terms of years of education. Education categories
were—post-graduate (> 16 yrs), college graduate (16 yrs),
some college (13—15 yrs), high school graduate (12 yrs) and
less than high school (<12 yrs). Other indicator variables
included: seven self-reported chronic conditions (hyperten-
sion, asthma, stroke, emphysema, coronary heart disease,
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cancer, and myocardial infraction), gender, race/ethnicity
(Asian, Hispanics, African—American and Non-Hispanic
other races), household income level as a percentage of
Federal Poverty Level (>=200%, 125% to <200%, 100%
to < 125% or < 100%), and census region (West, Midwest,
South, and Northeast). We accounted for year-specific fixed
effects by using an indicator variable for each data year.

Statistical analysis

We examine whether obesity is associated with lower health
care utilization (fewer outpatient (OP), office-based, emer-
gency room, and inpatient visits) compared to normal weight
patients, and whether this association varies among patients
with diabetes compared to patients without diabetes. This
study used Stata SE 15.1 (Stata Corporation, College Sta-
tion, TX) to predict the risk adjusted number of visits. We
used a generalized negative binomial regression model to
risk adjust and predict visits to OP settings (all and physician
only) and visits to OBD providers (all and physician only),
and we used a zero-inflated negative binomial model to pre-
dict ER visits and inpatient stays. All models accounted for
the MEPS complex survey design. The specified models had
the lowest AIC and BIC values among the four models we
tested—Poisson, negative binomial, generalized negative
binomial, and zero-inflated negative binomial.

Our analyses examined changes in the association
between BMI and each of the six health care number of
visits measures with diabetes status. We used the Stata mar-
gin command to predict the marginal effect of each BMI
category at sampled values of all other predictors on each
type of health care number of visits. We examined the dif-
ference between the marginal number of visits for any two
BMI categories. We also compared the difference between
any two BMI categories among individuals with diabetes to
the difference between the same two BMI categories among
individuals without diabetes (we refer to this as the “differ-
ence-in-difference” estimate).

Results

Table 1 presents demographic characteristics of the ANS and
ADS samples. In the ANS sample, there were 210,317 adults
aged 18 years and older with positive person weights in the
MEPS consolidated public use files for years 2008-2016.
21,532 were diagnosed with type 2 diabetes and the rest
had no diabetes diagnosis history (see Table 1). Compared
to persons with type 2 diabetes, persons with no diabetes
diagnosis were younger, more likely to be male, non-His-
panic, have higher household incomes and education, have
any private insurance (private or private with Medicare) or
have no insurance, reside in the West, have BMIs that were
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overweight or lower, more likely to be smokers, and were
less likely to be diagnosed with any of the seven chronic
diseases. Those reporting no cancer or no cardiovascular
disease, and who were not current smokers, had relatively
lower number of visits for each of the six health care pro-
vider types. In both the samples, individuals with no diabe-
tes history had lower number of visits of each provider type
than those with diabetes.

Table 2 presents estimated average number of visits by
diabetes status and BMI categories for each visit measure
within the ANS and ADS samples. The estimated average
number of visits was significant for persons in each BMI
group for any given measure irrespective of diabetes status
(with/without diabetes) in both samples (p < 0.05). Tables 3
and 4 present differences in the estimated number of visits
within and between persons with and without diabetes for
the ANS and ADS samples, respectively. For each provider
type in both samples, ANS and ADS, the estimated aver-
age number of visits among individuals with diabetes was,
in general, higher than that of persons without diabetes in
each BMI group (see Tables 3 and 4). In the ANS sample,
among persons without diabetes, the average number of
visits increased with BMI among normal to higher weight
groups for all measures (see Table 3 and Fig. 1a, 2a, 3a,
4a, 5a and 6a), where the mean number of visits in the nor-
mal weight group was significantly lower than that in the
obese group for five visit measures [All OP (0.058 visits,
p<0.015); All OBD (0.565 visits, p<0.001); OBD Physi-
cian (0.279 visits, p <0.001); ER (0.027 visits, p <0.001);
Inpatient stays (0.012 stays, p <0.007)], and lower than the
mean number of visits among the severely obese for all six
measures [All OP (0.249 visits, p <0.001); OP Physician
(0.064 visits, p<0.001); All OBD (0.996 visits, p <0.001);
OBD Physician (0.626 visits, p <0.001); ER visits (0.049
visits, p <0.001); Inpatient stays (0.022 stays, p <0.001)].

However, among persons with diabetes in Table 3, the
mean number of visits in the normal weight group was
higher than that in the overweight and obese groups for
two measures (All OP visits and OBD physician visits),
and higher than each of the three higher BMI groups for
three measures (OP physician visits, ER visits, and inpa-
tient stays). However, none of the visit differences between
normal and higher weight groups among persons with dia-
betes, for any measure, were statistically significant at the
0.05 significance level. Conversely, the estimated number of
visits to All OBD providers among normal to higher BMI
individuals with diabetes increased with BMI.

The difference between those with and without diabetes
in the number of visits difference between the normal weight
and obese groups was significantly lower for three measures
[OBD physicians (—0.380 visits, p <0.046); ER (-0.07 vis-
its, p <0.003); inpatient (—0.032 stays, p <0.025)]. In addi-
tion, the difference between those with and without diabetes
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Table 1 Characteristics of the
study sample

Respondents (excluding persons with type 1 and gestational diabetes)

Excluding smokers, cancer and CVD¢

disease
Characteristics All With Without All With Without
N=210,317 diabetes diabetes N=12,551 diabetes diabetes
N=21,532 N=188,785 N=10,437 N=132,114
10.2%) (89.8%) (7.3%) (92.7%)
Age, mean (SE) 46.8 (0.2) 61.6 (0.2) 453 (0.18) 42.8 (0.1) 57.8 (0.2) 41.7 (0.1)
Female, % (SE) 514 (0.2) 50.1 (0.6) 51.6 (0.2) 523 (0.2) 514 (0.9 524 (0.2)
Family income as %
of FPL*, % (SE)
> =200% 70.5 (0.5) 63.1 (0.8) 71.2 (0.5 73.7 (0.5) 669 (0.9) 74.1 (0.5)
125-<200% 13.3 (0.2) 164 (0.4) 129 (0.2) 123 (0.2) 15.1 (0.5) 12.1 (0.2)
100-<125% 42 (0.1) 60 (02 41 (©0.1) 37 (0.1) 53 (0.3) 35 (0.1
<100% 120 (0.3) 145 (0.5 11.8 (0.3) 104 (0.3) 12.7 (0.6) 102 (0.3)
Education level, % (SE)
5+ years college 96 (03) 65 (04 99 (0.3) 105 (0.3) 70 (0.6) 10.8 (0.3)
4 years college 15.8 (0.3) 100 (0.4) 164 (03) 17.8 (0.3) 11.3 (0.6) 183 (0.3)
Some college 240 (0.2) 222 (0.6) 241 (0.2) 24.0 (0.3) 22.8 (0.8) 24.0 (0.3)
High school 253 (0.3) 298 (0.6) 248 (0.2) 22.6 (0.3) 282 (0.8) 222 (0.3)
< High school 254 (0.3) 31.6 (0.6) 248 (0.3) 251 (0.3) 30.7 (0.7) 247 (0.3)
Race/ethnicity, % (SE)
Other 723 (0.8) 68.7 (1.0) 727 (0.8) 67.8 (0.9) 61.7 (1.2) 68.2 (0.9)
Hispanic 129 (0.7) 133 (0.9 129 (0.7) 158 (0.8) 17.1 (1.1) 157 (0.8)
Asian 46 (04) 43 (04 46 (04 59 (04 6.1 (0.6) 59 (04
Black 10.2 (0.5 137 (0.8) 99 (0.5 105 (0.5) 15.1 (0.9) 102 (0.5)
Health insurance®, % (SE)
Any private 66.1 (0.5) 554 (0.7) 672 (0.6) 70.3 (0.6) 61.0 (0.9 71.0 (0.6)
Medicare only 74 (0.2) 175 (04) 64 (0.2) 45 (0.1) 125 (0.5 3.9 (0.1
Any public 132 (04) 199 (0.6)) 12.6 (0.4) 11.4 (0.3) 17.0 (0.7) 11.0 (0.3)
Uninsured 132 (0.3) 7.2 (0.3) 138 (0.4) 138 (0.4) 94 (0.5 14.1 (0.4
Chronic conditions, % (SE)
Hypertension 329 (0.3) 779 (0.5 283 (0.3) 244 (0.3) 71.1 (0.83) 21.2 (0.3)
Asthma 94 (0.1) 134 (04) 9.0 (0.2) 82 (0.2) 10.1 (0.5 8.1 (0.2)
Stroke 37 (0.1) 121 (04) 28 (0.1) - - - - - -
Emphysema 22 (0.1) 52 (03) 19 (0.1) 07 (0.0 1.7 (02) 0.6 (0.0
CHD*® 13.8 (0.2) 327 (0.6) 11.8 (0.2) - - - - - -
MI% 37 (0.1) 136 (04 27 (©.1) - - - - - -
Cancer 10.5 (0.2) 189 (0.5 9.7 (0.2) - - - - - -
Smoker, % (SE) 156 (0.3) 13.8 (0.4) 158 (0.3) - - - - - -
Region
Northeast 18.1 (0.6) 17.2 (0.7) 182 (0.6) 184 (0.6) 169 (0.7) 18.5 (0.6)
Midwest 21.5 (0.6) 214 (0.8) 21.5 (0.6) 20.3 (0.6) 19.8 (0.9) 20.3 (0.6)
South 37.1 (0.7) 414 (1.0) 36.6 (0.7) 362 (0.8) 414 (1.1) 359 (0.8)
West 233 (0.6) 20.0 (0.8) 21.5 (0.7) 25.1 (0.7) 22.0 (1.0) 253 (0.7)
BMI (kg/m?), % (SE)
<20, underweight 55 (1) 15 (1) 59 (03) 56 (0.1) 1.0 (0.1) 59 (0.1
20-< 25, normal 302 (0.3) 12,6 (0.4) 32.1 (0.3) 31.3 (0.3) 11.8 (0.5 32.7 (0.3)
25-<30, overweight 34.2 (0.2) 303 (0.5) 34.6 (0.2) 34.1 (0.2) 29.8 (0.7) 344 (0.3)
30-<35, obese 179 (0.2) 272 (0.5 169 (0.2) 174 (0.2) 284 (0.7) 16.7 (0.2)
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Table 1 (continued)

Respondents (excluding persons with type 1 and gestational diabetes)

Excluding smokers, cancer and CVD®

disease
Characteristics All With Without All With Without
N=210,317 diabetes diabetes N=12,551 diabetes diabetes
N=21,532 N=188,785 N=10437 N=132,114
(10.2%) (89.8%) (7.3%) (92.7%)
> =35, severely 12.1 (0.2) 285 (0.6) 105 (0.2) 11.5 (0.2) 29.0 (0.7) 10.3 (0.2)
obese
Healthcare use (visit/stay), mean (SE)
OP*: All visits® 0.5 (0.02) 1.1 (0.05) 05 (0.01) 0.3 (0.0) 0.7 (0.00 0.3 (0.0
OP: Physician visits 0.2 (0.01) 0.5 (0.02) 0.2 (0. 0.1 (0.0) 0.3 (0.0) 0.1 (0.0
OBD**: All visits®* 6.1 (0.07) 10.8 (0.19) 5.6 (0.07) 47 (0.1) 83 (0.2) 44 (0.1)
OBD: Physician 36 (0.03) 7.0 (0.11) 32 (0.03) 27 (0.0) 53 (0.1) 25 (0.0

visits
ER™* visits 02 (0.
Inpatient stays 0.1 (0)

03 (001 02 () 01 (0.0 02 (0.0 0.1 (0.0
02 (00D 01 () 01 (0.0 01 (0.0 0.1 (0.0

“Federal poverty level (FPL)

¥ Any private includes any coverage through a private or tricare but not combined with non-Medicare pub-
lic plan any time during the year; Any Public includes any coverage through non-Medicare public plans
(e.g. Medicaid, SCHIP etc.); Medicare includes coverage through Medicare only; and Uninsured includes

no-coverage throughout the year

SIncludes visits for laboratory tests and radiology services

$3Includes visits to non-physician (e.g. chiropractor, psychologist, etc.)

®OP outpatient department
““OBD office-based physicians
**ER emergency room

€CVD cardiovascular disease
€€CHD coronary heart disease

MI myocardial infarction

in the number of visit difference between the normal weight
and severely obese groups was significantly lower for three
measures [OP physicians (—0.112 visits, p <0.020); OBD
physicians (—0.492 visits, p <0.020); ER (—-0.062 visits,
p <0.040)]. Our results suggest the existence of the obe-
sity paradox in four of the six measures. While the number
of visits increased with BMI among normal to higher BMI
groups for all visit measures in the group without diabetes,
the number of visits in the normal weight group was higher
than at least one greater BMI group among persons with
diabetes for five measures. The only exception was All OBD
providers, in which the number of visits increased with BMI
among normal to higher BMI groups (See Fig. 3a).

In the ADS sample, for normal to higher weight persons
without diabetes, the number of visits increased with BMI
for each visit measure (see Table 4 and Fig. 2a, b). Rela-
tive to number of visits within the normal weight group,
number of visits among severely obese individuals was
higher and statistically significant for all measures [for each
measure p <(0.001]. In addition, compared to the number
of visits among normal weight individuals, the number of
visits among obese individuals was higher and statistically
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significant for five measures [all OP visits (p <0.031); and
all OBD visits, OBD physician visits, ER visits, and inpa-
tient stays each had p <0.001] and the number of visits
among overweight individuals was higher and statistically
significant for ER visits (p <0.002), and weakly significant
for inpatient stays (p <0.052). Among normal to higher BMI
persons with diabetes, number of visits increased with BMI
for three measures (All OBD visits, OBD physician visits,
and inpatient stays). For the remaining three measures, num-
ber of visits was lower among one or more greater BMI
groups than the number of visits among the normal weight
group. However, none of the differences in the number of
visits between the normal weight group and each higher
BMI group was statistically significant at the 0.05 signifi-
cance level for any measure. Further, between those with
diabetes and those without diabetes, the difference in num-
ber of visits between normal and each higher BMI group
did not differ statistically at the 0.05 significance level for
any given measure. This suggests that the obesity paradox
does not exist once we exclude smokers and persons ever
diagnosed with cancer or any cardiovascular disease.
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Table 2 Visits per person by health care setting and by BMI in persons with and without diabetes
BMI (kg/m?) category® Outpatient visits Office-based physician visits Emergency Inpatient
room
Al Physician Al Physician Visits Stays
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
All respondents (excluding persons with type 1 diabetes and women with gestational diabetes)
Average annual number of visits per person
With diabetes Underweight 0.850 0311 0393 0.168 7338 0.743 4930 0529 0326 0.060 0.260 0.034
Normal 0.748 0.072 0378 0.048 8.098 0.339 5.126 0.183 0.282 0.022 0.151 0.013
Overweight 0.718 0.054 0347 0.041 8.208 0.258 4952 0.121 0247 0.013 0.128 0.007
Obese 0.732  0.050 0312 0.029 8323 0.228 5.025 0.128 0.238 0.014 0.130 0.007
Severely obese  0.907 0.058 0329 0.026 8.612 0.246 5259 0.123 0268 0.014 0.143 0.008
Without diabetes ~ Underweight 0462 0.032 0201 0.017 5440 0.158 3.267 0.078 0.199 0.009 0.106 0.005
Normal 0.459 0015 0.193 0.007 5563 0.095 3285 0.048 0.178 0.004 0.091 0.003
Overweight 0.483 0.018 0.196 0.006 5752 0.085 3339 0.039 0.184 0.004 0.096 0.003
Obese 0518 0.024 0207 0.010 6.128 0.115 3.564 0.053 0.206 0.005 0.103 0.003
Severely obese  0.709 0.045 0.257 0.012 6.559 0.132 3911 0.064 0.227 0.005 0.113 0.004
Respondents (further excluding smokers, with cancer and cardiovascular diseases)
Average annual number of visits per person
With diabetes Underweight 0251 0.090 0.095 0.037 4260 0595 3.152 0414 0227 0.085 0.153 0.061
Normal 0.511  0.072 0268 0.044 6.536 0475 4.047 0.229 0208 0.030 0.083 0.014
Overweight 0471 0.062 0239 0.045 6.752 0346 4.075 0.174 0.191 0.021 0.089 0.009
Obese 0.548 0.053 0220 0.026 6.827 0.282 4.236 0.179 0.198 0.026 0.089  0.009
Severely obese  0.664 0.065 0239 0.026 7.106 0291 4307 0.157 0.224 0.017 0.098 0.009
Without diabetes ~ Underweight 0270 0.023 0.136 0.016 4.120 0.133 2332 0.068 0.127 0.007 0.057 0.005
Normal 0.283 0.013 0.124 0.004 4351 0.083 2438 0.037 0.114 0.003 0.054 0.002
Overweight 0310 0.014 0.130 0.005 4.473 0.069 2497 0.031 0.128 0.003 0.059 0.002
Obese 0326 0.020 0.125 0.006 4.797 0.110 2662 0.048 0.145 0.004 0.066 0.003
Severely obese  0.402  0.024 0.163 0.010 5.025 0.119 2919 0.059 0.165 0.006 0.070 0.003

FBMI <20 underweight, 20— <25 normal, 25— < 30 overweight, 30— <35 obese and > =35 severely obese

$ncludes visits for laboratory tests and radiology services

$¥ncludes visits to non-physician (e.g. chiropractor, psychologist, etc.)

Discussion

Using a nationally representative sample of non-institution-
alized individuals, we analyzed health care number of visits
for six provider types (All outpatient department, outpatient
department physicians, all office-based-providers, office-
based-physicians, emergency rooms, and inpatient stays) for
individuals with and without type 2 diabetes. Our results
suggest the existence of the obesity paradox in four (OP
physicians, OBD physicians, ER, and inpatient stays) of the
six measures. While number of visits increased with BMI
among normal to higher BMI groups for all visit measures
in the group without diabetes, and the difference between
normal and at least one higher BMI group was statistically
significant (p <0.05), the number of visits among normal
weight was higher than at least one of the higher BMI groups
though not statistically different in the group with diabe-
tes. The difference-in-difference test results suggest that the

difference in number of visits between obese and normal
weight individuals in the diabetes group was lower than the
difference between the respective groups in the group with-
out diabetes for three provider measures (OBD physicians,
ER, and inpatient stays). The difference in number of visits
between the severely obese and normal weight categories
in the diabetes group was lower than the difference in the
same two groups in the group without diabetes for three
measures (OP physicians, OBD physicians, and ER). These
six difference-in-difference visit estimates were statistically
significant at the 0.05 significance level, and thus, proved
the presence of the obesity paradox. However, we did not
find evidence of the obesity paradox in the number of visits
of any of the six providers when we excluded smokers and
individuals ever diagnosed with cancer or any cardiovascular
disease from our sample of individuals with type 2 diabetes.
Obesity contributes directly to the incidence of cardiovas-
cular risk factors, and it also leads to the development of
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Fig.1 Adjusted total utilization of all outpatient visits by BMI a is
utilization for the analytical sample and b is for the sub sample in
which ever-smokers and individuals with ever any diagnosis of can-
cer or any cardiovascular disease are excluded. Dark diamonds: point

Fig.2 Adjusted total utilization a
of all outpatient physician visits

by BMI a is utilization for the 2
analytical sample and b is for
the subsample in which ever-
smokers and individuals with
ever any diagnosis of cancer

or any cardiovascular disease
are excluded. Dark diamonds:
point estimates for person with
diabetes; light circles: point
estimates for persons without
diabetes; bars around point esti-
mates indicate 95% confidence
intervals. BMI indicates body o1
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Fig.3 Adjusted total utilization a
of all office-based physician vis-
its by BMLI. a is utilization for
the analytical sample and b is
for the subsample in which ever-
smokers and individuals with
ever any diagnosis of cancer

or any cardiovascular disease
are excluded. Dark diamonds:
point estimates for person with
diabetes; light circles: point
estimates for persons without
diabetes; bars around point esti-
mates indicate 95% confidence
intervals. BMI indicates body
mass index
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cardiovascular disease (CVD) [30]. Individuals with diabe-
tes have a twofold to fourfold higher risk of CVD compared
with those without diabetes [31]. Individuals suffering from
cancer, chronic heart disease, chronic obstructive pulmonary
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disease, sepsis, and many other conditions experience invol-
untary weight loss and loss of muscle mass [28]. CVD is a
major contributor to healthcare utilization and expenditures,
particularly among older adults [32]. Our results suggest
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Fig.4 Adjusted total utilization a
of all office-based physician vis-
its by BML. a is utilization for
the analytical sample and b is
for the subsample in which ever-
smokers and individuals with
ever any diagnosis of cancer

or any cardiovascular disease
are excluded. Dark diamonds:
point estimates for person with
diabetes; light circles: point
estimates for persons without
diabetes; bars around point esti-
mates indicate 95% confidence
intervals. BMI indicates body
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Fig.5 Adjusted total utilization a
of all emergency department
(ED) visits by BML a is utiliza-
tion for the analytical sample
and b is for the subsample in
which ever-smokers and indi-
viduals with ever any diagnosis
of cancer or any cardiovascular
disease are excluded. Dark
diamonds: point estimates for
person with diabetes; light
circles: point estimates for
persons without diabetes; bars
around point estimates indicate
95% confidence intervals. BMI
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Fig.6 Adjusted total utilization a
of all inpatient visits by BMI a
is utilization for the analytical
sample and b is for the subsam-
ple in which ever-smokers and
individuals with ever any diag-
nosis of cancer or any cardio-
vascular disease are excluded.
Dark diamonds: point estimates
for person with diabetes; light
circles: point estimates for
persons without diabetes; bars
around point estimates indicate
95% confidence intervals. BMI
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that two biases, residual confounding and reverse causation
(collider bias), potentially account for the obesity paradox
among individuals with type 2 diabetes [33].

Only one prior study has examined health care utiliza-
tion (> 1 visits vs none) by BMI category among individuals
with and without diabetes, and it found that the overweight

T T
30-<35 >=35 <20

T T
25-<30 30-<35 >=35

BMI Category

T
20-<25

diabetic group had a significantly lower likelihood of having
any inpatient stay or any emergency room visit than did the
normal weight diabetic group but that these differences did
not hold within the non-diabetic group [29]. However, the
study included smokers, and individuals with type 1 gesta-
tional diabetes, or a history of cancer/cardiovascular disease
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diagnoses. In our study, we excluded individuals with type
1 or gestational diabetes in our main analytical sample
(ANS). In addition, we designated as persons with diabetes
those respondents who reported a diabetes diagnosis in the
“Diabetes Supplement Survey” but did not report a diabetes
diagnosis in the main MEPS survey. Further, we included
interactions between age and diabetes status to account for
differences in association between utilization (number of
visits) and diabetes status as the person ages and to account
for the changes in utilization (visits) with the duration of
diabetes. In the additional analytical sample (ADS), we also
excluded ever smokers, and those who were ever diagnosed
with cancer or any kind of cardiovascular disease. Further,
we analyzed total number of visits (>0) and not none (=0)
versus any (>0) number of visits of four provider settings
(outpatient, inpatient, emergency room, and office-based), as
well as use of physician services in two settings (office-based
and outpatient). In contrast, the previous study restricted
analyses to any use of inpatient or emergency room ser-
vices. In addition, we believe confounding effects due to
the sequelae of chronic disease, cancer, and smoking sta-
tus on an individual’s BMI and health care use gave rise
to the obesity paradox examined in the previous study. In
addition, we believe individuals with type 1 diabetes vary
immensely from individuals with type 2 diabetes, therefore,
studies analyzing healthcare use among those with type 2
diabetes need to exclude those with type 1 diabetes. Fur-
ther, we believe that women with gestational diabetes have
a low risk of developing type 2 diabetes immediately after
pregnancy and less than half of them are at risk of develop-
ing type 2 diabetes a few years after the current pregnancy.
However, over the course of their pregnancy, these women
will gain weight with little increase in healthcare utilization.
Therefore, this group contributes to lower utilization within
the higher BMI groups.

Our study has some limitations. First, this study used self-
reported information. Therefore, it might have a reporting
bias. For example, some respondents reported a diabetes
diagnosis in the ‘Diabetes Supplement Survey’ but not in
the main MEPS survey. However, accuracy of self-reported
diabetes status has been shown to be reasonably high [34].
This study is cross-sectional, and, therefore, findings of this
study cannot be interpreted as causal. This study used BMI
as measure of obesity that has its own limitation as a meas-
ure of obesity [35]. Use of BMI is susceptible to biases,
at least for the diabetic population’s health utilization out-
comes. However, we think that our study took care of many
of the BMI limitations by excluding smokers, and persons
with cancer, type 1 diabetes, cardiovascular diseases and
gestation diabetes from the final sample, and that remain-
ing limitations, if any, have minimal effect on our findings.
Waist circumference has been found to be a better predic-
tor of obesity [36]. Also, obesity paradoxes for all-cause

@ Springer

mortality and kidney complications found under a BMI
measure disappeared when waist circumference was used
instead [37]. In the study, the obesity paradox increases with
cardiovascular risk under the use of BMI. Our results fur-
ther support this by showing that many biases with BMI are
eliminated by removing the high risk cardiovascular cohort.
Future studies may want to use the waist circumference
measure to study the obesity paradox in utilization among
persons with diabetes.
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