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Background

The worldwide prevalence of obesity has nearly tripled 
between 1975 and 2016.1 About 13% of the world’s adult 
population was obese in 2016.2 Compared to these num-
bers, the United States had a three-fold higher rate for obe-
sity among adults (42.4% of adults aged 20 and over) from 
2017 to 2018.3 In the state of Minnesota, adult obesity prev-
alence in 2018 was 30.1%.4

Obesity has been associated with at least 60 chronic health 
conditions including heart disease, stroke, diabetes mellitus 
type 2, obstructive sleep apnea, and certain cancers.5,6

It has also been associated with an increased risk for death, 
particularly among adults younger than 65 years. The United 
States Preventive Services Task Force (USPSTF) has there-
fore recommended that clinicians offer or refer adults with a 

body mass index (BMI) of 30 or higher (calculated as weight 
in kilograms divided by height in meters squared) to inten-
sive, multicomponent behavioral interventions.7

Primary care practice patients are likely to reflect under-
lying community trends in overweight and obesity; how-
ever, data on overweight and obesity in primary care 
patients is limited. Between 1999 and 2001, over 60% of 
patients seen in any primary care practice had either over-
weight or obesity.8 Along with the rising prevalence of 
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obesity nationwide, this percentage is expected to have 
increased in recent years. While childhood incidence rates 
of obesity have been well reported, there is still a paucity of 
data on the incidence of obesity among adult population 
particularly in primary care setting; literature has mainly 
focused on its prevalence.9,10 Since incidence describes how 
quickly a condition or disease occur in a population, it is a 
more useful indicator in influencing decision making and 
identifying what public health interventions should be 
adopted. Studies of childhood obesity have also shown a 
declining incidence with age9; the trend among adults is not 
largely known.

Mayo Clinic Employee and Community Health (ECH) 
practice which has over 80 000 empaneled adult patients 
served in its primary care clinics, has no structured weight 
management program in place. Several evidence-based 
interventions such as the IBT (Intensive Behavioral 
Therapy), DPP (Diabetes Prevention Program), motiva-
tional interviewing, and comprehensive lifestyle modifica-
tion programs, have been showed to be effective for obesity 
management in primary care.11-13 Using an App to deliver 
obesity treatment in socioeconomically disadvantaged 
patients had shown promise.14 These are all management 
strategies that can potentially be adopted in the practice. As 
an initial step in designing a patient centered weight man-
agement program in primary care, it was important to define 
the characteristics of the community served by the practice. 
This study therefore aimed to determine the prevalence of 
overweight and obesity among adult patients ages 20 and 
older empaneled in ECH in 2015, as well as the 1- and 
3-year incidence of obesity in this population group in order 
to potentially identify an optimum timeframe for initiating 
weight loss intervention.

Methods

In this retrospective cohort study, we identified adult com-
munity dwelling patients 20 years or older, empaneled with 
ECH (comprised of Family Medicine practice and 
Community Internal Medicine practice) in 2015, who had at 
least 1 BMI data available within a 5-year range (1/2010-
1/2015) and who gave permission for their medical records 
to be used for research. For those with multiple BMI mea-
surements, the BMI measurement closest to January 1, 2015 
was used. BMI is a person’s weight in kilogram divided by 
the square of height in meters and is the most commonly 
used measure in population assessment of overweight and 
obesity.15 Based on BMI, overweight is categorized as BMI 
of 25 to 29.9, Class 1 Obesity: 30 to 34.9, Class II Obesity: 
35 to 39.9, and Class III Obesity: 40 and above. The tertile 
categorization was chosen to allow for as closely even dis-
tribution of individuals who have overweight.

As of January 1, 2015, ECH had 88 152 empaneled 
patients aged 20 years and older; 93% (N = 81 993) had given 

authorization for their records to be accessed for research. 
After excluding those who had obesity or had no BMI mea-
surement as well as those with no follow-up BMI data and 
outliers, the final number of people with follow-up data was 
40 390. There was no difference in demographic characteris-
tics between those who had obesity and therefore were 
excluded and those who were included in incidence analysis. 
We then determined the 1 and 3 years incidence rates of 
developing obesity in this population based on BMI data of 
individuals measured within a year from 1/1/2015 and from 
those measured within 3 years, but not necessarily within a 
year from baseline (Figure 1). We further stratified the popu-
lation by age and sex to see if certain demographic character-
istics were associated with rate of progression from being 
overweight to obesity. We used tertiles for the following BMI 
distributions: overweight 1: 25 ≤ BMI < 26.7; overweight 2: 
26.7 ≤ BMI < 28.3; overweight 3: 28.3 ≤ BMI < 30. The 
study was reviewed and approved by the Mayo Clinic 
Institutional Review Board (IRB).

Statistical Analysis

Demographic characteristics were reported as number 
(percent) for the final cohort with 3 years of BMI follow-
up data (N = 40 390). The age/sex specific incidence of 
becoming obese in 1 (or 3) years was determined by divid-
ing the number who became obese in the age (20-39, 
40-69, 70+) group/sex in 1 (or 3) years by the correspond-
ing age group/sex total population. Because the hazard 
ratios (HRs) were heterogeneous across age/sex groups, 
separate cox proportional hazard regression were fit on 
subsets of the population grouped by sex and age on 
January 1, 2015. Predictors in the model were race (White, 
Black, Asian, Other/Unknown), ethnicity (Hispanic, Not 
Hispanic), and BMI (Underweight/Normal Weight, 
Overweight tertiles (25 ≤ BMI < 26.7, 26.7 ≤ BMI < 28.3, 
and 28.3 ≤ BMI < 30). Follow-up began January 1, 2015 
and continued until death, last clinical encounter, or 1 (or 
3) years of follow-up, whichever came first. Analyses 
were performed using SAS statistical software, version 
9.4 (SAS Institute Inc., Cary, NC).

Results

At baseline 27 541 adult patients empaneled to ECH (35% 
of those with BMI data) had a BMI of ≥30 and were there-
fore categorized to have obesity, its prevalence in this popu-
lation. These individuals were excluded in the determination 
of incidence rates. Overall, 40 390 individuals had follow-
up data and comprised the final study population. Majority 
of this population consisted of adults ages 40 to 69 years 
(47.5%), female (59.8%) of non-Hispanic ethnicity (95.9%) 
with 21 379 (52.8%) falling in the weight category of over-
weight (Table 1).
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At 1 year follow up, 2928 individuals (7%) had devel-
oped obesity and 6307 (16%) had developed obesity within 
3 years of follow up (Figure 1). The highest percentages of 

individuals who became obese at 1 and 3 years follow-up 
were in the age category of 40 to 69 years among men and 
20 to 39 years among women (Table 2).

Figure 1. Flow Diagram.
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There was a significantly increased likelihood of devel-
oping obesity at 1 and 3 years among those who had over-
weight at baseline, with 1-year unadjusted hazard ratio 
(HR) of 13.4 (CI: 11.48-15.49) and 3-year HR of 11.9 (CI: 
10.87-13.14) using WALD test. Persons of Black racial 
background were at increased risk of becoming obese (HR: 
1.3 and 1.2 at 1 and 3 years, unadjusted). In contrast, there 
was decreased likelihood of developing obesity among 
those of Asian race (unadjusted HR: 0.4 and 0.5 at 1 and 
3 years) (Data available upon request).

In cox regression analysis, after stratifying by age and 
sex, there remained a statistically significant association 
to developing obesity among the overweight tertile groups 
(P value <.0001) with the greatest association seen among 
those in the third tertile of overweight category regardless 
of age or sex (Figure 2). While the trajectory of the 2 plots 
were similar, the rates looked incongruent because of dif-
ferent denominators; there was 35% more individuals with 
BMI measured at 3-year incidence measurement than at 
1 year. The positive association to likelihood of develop-
ing obesity was no longer statistically significant among 
Black men; in contrast, there remained an increased likeli-
hood of developing obesity in Black women ages 40 to 

69 years but only at 1 year (HR: 1.2; 95% CI: 1.02-2.25). 
At 3 years, this association was no longer significant. The 
association between being of Asian race and decreased 
likelihood of developing obesity was still present but no 
longer statistically significant except among Asian men 
ages 40 to 69 and Asian women ages 20 to 39 at 3 years 
follow-up. Using normal and underweight categories as 
reference, the highest risk of progression to obesity was 
seen in women ages 40 to 69 who were in the third over-
weight tertile (28.3 ≤ BMI < 30) with a HR of 62.3 (CI: 
49.37-78.64). Since there were very few individuals in the 
underweight category, they were combined with those of 
normal body weight and used as reference (Table 3).

Discussion

This study was conducted using a large U.S. based popula-
tion cohort to determine the incidence rates among adults at 
1 and 3 years of follow-up. To the authors’ knowledge, no 
similar studies had previously been reported. Of the 40 390 
individuals who were not obese at their index date, the inci-
dence of obesity was 7% at 1 year and 16% at 3 years fol-
low-ups. These figures are higher when compared to 
childhood obesity incidence reported in the United States 
and elsewhere.9,16 In a systematic review of 19 childhood 
obesity incidence studies conducted in the United States, 
the median study-specific annual obesity incidences among 
studies using U.S. Centers for Disease Control and 
Prevention (CDC) growth charts were 4.0%, 3.2%, and 
1.8% for preschool (2.0-4.9 years), school aged (5.0-
12.9 years), and adolescence (13.0-18.0 years), respec-
tively.9 Also, in contrast to childhood obesity incidence 
which showed a downward trend from preschool to adoles-
cence,9,10,16 adult obesity incidence in this study appeared to 
show an upward trend from 1 to 3 years. Using data from 
the Early Childhood Longitudinal Study, Cunningham 
et al10 reported that the annual incidence of obesity 
decreased from 5.4% during kindergarten to 1.7% between 
fifth and eighth grade. Interestingly, that study showed that 
among children who became obese between the ages of 5 
and 14 years, 75% had been above the 70th percentile for 
body-mass index at baseline, a similar observation seen in 
this study among adults in the third tertile group of over-
weight category.

When stratified by age and sex, some variations in inci-
dence rate at 1 and 3 years were noted between men and 
women. Age and particularly sex appeared to be modifying 
factors to the likelihood of developing obesity; women who 
were overweight at baseline and in the age range of 40 to 
69 years, were more likely to develop obesity at 1 and 3 years 
than men within the same age group. Women within this age 
range transition into menopause, a period in women’s life 
which has been associated with weight gain, and is a likely 
contributing factor to this observation.17 This higher risk 

Table 1. Demographics.

Final number of 
people (%) with 
follow up data 

N = 40 390

Age
 20-39 13 622 (33.73%)
 40-69 19 201 (47.54%)
 70+ 7567 (18.73%)
Sex
 Male 16 241 (40.21%)
 Female 24 149 (59.79%)
Race
 White 35 892 (88.86%)
 Black 1151 (2.85%)
 Asian 1863 (4.61%)
 Other/Unknown 1484 (3.67%)
Ethnicity
 Not Hispanic 38 729 (95.89%)
 Hispanic 700 (1.73%)
 Unknown 961 (2.38%)
BMI
 Underweight/Normal weight 19 011 (47.07%)
 Overweight tertile1* 7377 (18.26%)
 Overweight tertile2* 7191 (17.80%)
 Overweight tertile3* 6811 (16.86%)

*Cut points of overweight 1, 2, 3 are based on tertiles of the follow-up 
distributions:
overweight 1: 25 ≤ BMI < 26.7; overweight 2: 26.7 ≤ BMI < 28.3; 
overweight 3: 28.3 ≤ BMI < 30.
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burden for obesity in females had been observed equally in 
both urban and rural settings.18 Female gender, along with 
baseline BMI, had likewise been associated with higher odds 
of incident obesity phenotype among healthy non-obese indi-
viduals.19 In contrast, analysis of epidemiological obesity 
among adults 20 years and older in European countries showed 
that the dynamics of obesity growth from 1999 to 2016 was 
greater for men than for women with rate of 3.09% per year in 
men compared to 1.92% per year in women. At this rate, more 
adult men were predicted to have obesity by 2030 than women 
in Europe.20 Overall prevalence of overweight and obesity 

among a studied mid-eastern population was likewise higher 
in men compared to women.21 In the United States, the highest 
prevalence of obesity among adults 20 years and older in 2017 
to 2018 by age and sex was among men in the age category of 
40 to 59 years.3 Interestingly, this present study also showed a 
higher percentage of men than woman who developed obesity 
at 1 and 3 years, particularly in age category of 40 to 69 years 
(12% vs 8.6% and 18.4% vs 14.1% respectively) (Table 2). 
Hence, while the likelihood and risk of developing obesity 
among individuals who are overweight may be higher in 
women, the dynamics of obesity growth appeared to be faster 
among men leading to higher incidence rates of obesity in 
men. Further research may be needed to identify variables that 
would account for this paradoxical observation.

Overweight remained a major risk factor for developing 
obesity even after stratification by age and sex, with the 
greatest risk in the tertile of overweight 3: 28.3 ≤ BMI < 30. 
This observation has been reported in other studies; in par-
ticular, the association between higher BMI in childhood 
and adolescence with development of obesity in adulthood 
has previously been explored.16,22,23 Whether there is a dif-
ference in progression to various disease entities between 
overweight and obesity is less clearly delineated. Most 
studies had bundled overweight and obesity together in cor-
relational analyses to morbidities such as cancer, chronic 
kidney disease, fatty liver disease, diabetes, and heart dis-
ease.24-26 Significant changes in lifestyle habits, that is, 
dietary pattern and physical activity, have been observed 
across the stages of obesity which appeared to alter the cor-
relation to obesity associated chronic diseases; those at 
higher or severe stage of obesity had heavier chronic dis-
ease burden.27 It would be interesting to determine if life-
style behavior differs between individuals in overweight 
and obesity categories and if each weight category sepa-
rately impact disease development.

The disease and economic burden of obesity are no light-
weight matter.28 With overweight identified as the most sig-
nificant independent risk factor to developing obesity, this 
study lend further support to initiating weight loss interven-
tions at an earlier stage when they would be most beneficial 
and not wait until an individual develop obesity.

This study was conducted using a large primary care 
cohort to determine the incidence rates among adults at 1 

Table 2. Counts and Incidence Rates for Number Who Become Obese Stratified by Age and Sex.

Men 20-39 Men 40-69 Men 70+ Women 20-39 Women 40-69 Women 70+

1 year follow-up
 N (%) N (%) N (%) N (%) N (%) N (%)
Became obese 304 (9.73%) 666 (12%) 327 (11.8%) 591 (9.52%) 717 (8.59%) 323 (8.35%)
 3-year follow-up
 N (%) N (%) N (%) N (%) N (%) N (%)
Became obese 735 (14.53%) 1476 (18.38%) 586 (18.57%) 1302 (15.20%) 1573 (14.08%) 635 (14.40%)

Figure 2. Obesity incidence association to weight tertile at 1 
and 3 years follow-up.



6 

T
ab

le
 3

. 
A

ss
oc

ia
tio

ns
 W

ith
 B

ec
om

in
g 

O
be

se
 D

ur
in

g 
Fo

llo
w

-U
p 

St
ra

tif
ie

d 
by

 A
ge

 a
nd

 S
ex

 o
n 

Ja
nu

ar
y 

1,
 2

01
5,

 in
 S

ep
ar

at
e 

C
ox

 R
eg

re
ss

io
n 

A
na

ly
si

s 
at

 1
 a

nd
 3

 ye
ar

s.

M
en

 2
0-

39
M

en
 4

0-
69

M
en

 7
0+

W
om

en
 2

0-
39

W
om

en
 4

0-
69

W
om

en
 7

0+

 
H

R
 9

5%
 C

I
H

R
 9

5%
 C

I
H

R
 9

5%
 C

I
H

R
 9

5%
 C

I
H

R
 9

5%
 C

I
H

R
 9

5%
 C

I

 
1 

ye
ar

 fo
llo

w
-u

p
R

ac
e 

W
hi

te
R

ef
R

ef
R

ef
R

ef
R

ef
R

ef
Bl

ac
k

1.
13

 (
0.

67
, 1

.9
0)

0.
68

 (
0.

38
, 1

.2
1)

1.
76

 (
0.

78
, 3

.9
5)

0.
94

 (
0.

67
, 1

.3
2)

1.
52

 (
1.

02
, 2

.2
5)

0.
59

 (
0.

08
, 4

.1
8)

A
si

an
0.

40
 (

0.
16

, 0
.9

7)
0.

78
 (

0.
47

, 1
.2

8)
1.

32
 (

0.
49

, 3
.5

4)
0.

68
 (

0.
41

, 1
.1

3)
0.

67
 (

0.
40

, 1
.1

2)
0.

98
 (

0.
36

, 2
.6

3)
O

th
er

/U
nk

no
w

n
1.

00
 (

0.
57

, 1
.7

3)
0.

76
 (

0.
42

, 1
.3

8)
0.

62
 (

0.
19

, 2
.0

4)
1.

04
 (

0.
71

, 1
.5

3)
1.

43
 (

0.
90

, 2
.3

0)
0.

95
 (

0.
24

, 3
.8

1)
Et

hn
ic

ity
 

H
is

pa
ni

c
R

ef
R

ef
R

ef
R

ef
R

ef
R

ef
 

N
ot

 H
is

pa
ni

c
1.

01
 (

0.
51

, 1
.9

7)
1.

80
 (

0.
94

, 3
.4

7)
2.

23
 (

0.
77

, 6
.4

2)
0.

74
 (

0.
44

, 1
.2

4)
0.

79
 (

0.
45

, 1
.4

1)
N

A
a

BM
Ib

U
nd

er
w

ei
gh

t/
N

or
m

al
R

ef
R

ef
R

ef
R

ef
R

ef
R

ef
O

ve
rw

ei
gh

t-
1

2.
67

 (
1.

46
, 4

.8
9)

2.
09

 (
1.

16
, 3

.7
5)

1.
10

 (
0.

40
, 3

.0
5)

4.
60

 (
3.

44
, 6

.1
6)

3.
31

 (
2.

04
, 5

.3
6)

5.
22

 (
2.

68
, 1

0.
16

)
O

ve
rw

ei
gh

t-
2

8.
75

 (
5.

28
, 1

4.
51

)
6.

46
 (

3.
91

, 1
0.

68
)

7.
78

 (
3.

69
, 1

6.
40

)
7.

96
 (

6.
11

, 1
0.

37
)

13
.5

2 
(9

.1
5,

 1
9.

99
)

12
.1

2 
(6

.6
3,

 2
2.

14
)

O
ve

rw
ei

gh
t-

3
36

.5
6 

(2
3.

05
, 5

7.
98

)
37

.1
7 

(2
3.

21
, 5

9.
55

)
46

.9
9 

(2
3.

18
, 9

5.
25

)
22

.0
6 

(1
7.

36
, 2

8.
02

)
61

.8
3 

(4
2.

99
, 8

8.
91

)
63

.8
9 

(3
6.

50
, 1

11
.8

2)
P-

va
lu

ec
<

.0
00

1
<

.0
00

1
<

.0
00

1
<

.0
00

1
<

.0
00

1
<

.0
00

1
 

3-
ye

ar
 fo

llo
w

-u
p

R
ac

e 
W

hi
te

R
ef

R
ef

R
ef

R
ef

R
ef

R
ef

Bl
ac

k
1.

10
 (

0.
77

, 1
.5

6)
0.

90
 (

0.
65

, 1
.2

5)
1.

37
 (

0.
68

, 2
.7

6)
1.

09
 (

0.
85

, 1
.3

9)
1.

10
 (

0.
81

, 1
.4

9)
0.

80
 (

0.
40

, 1
.6

1)
A

si
an

0.
64

 (
0.

41
, 1

.0
1)

0.
63

 (
0.

43
, 0

.9
3)

1.
43

 (
0.

71
, 2

.8
9)

0.
56

 (
0.

39
, 0

.7
9)

0.
76

 (
0.

54
, 1

.0
5)

0.
60

 (
0.

15
, 2

.4
1)

O
th

er
/U

nk
no

w
n

1.
28

 (
0.

91
, 1

.8
2)

0.
82

 (
0.

57
, 1

.2
0)

1.
28

 (
0.

60
, 2

.7
0)

1.
07

 (
0.

82
, 1

.3
9)

1.
19

 (
0.

86
, 1

.6
3)

0.
95

 (
0.

39
, 2

.3
2)

Et
hn

ic
ity

 
H

is
pa

ni
c

R
ef

R
ef

R
ef

R
ef

R
ef

R
ef

 
N

ot
 H

is
pa

ni
c

1.
21

 (
0.

79
, 1

.8
4)

1.
31

 (
0.

84
, 2

.0
4)

1.
26

 (
0.

48
, 3

.3
1)

0.
83

 (
0.

57
, 1

.1
9)

1.
01

 (
0.

69
, 1

.4
6)

1.
12

 (
0.

35
, 3

.6
6)

BM
I

 
U

nd
er

w
ei

gh
t/

N
or

m
al

R
ef

R
ef

R
ef

R
ef

R
ef

R
ef

 
O

ve
rw

ei
gh

t-
1

2.
47

 (
1.

79
, 3

.4
3)

2.
34

 (
1.

58
, 3

.4
6)

1.
75

 (
0.

99
, 3

.0
9)

5.
16

 (
4.

27
, 6

.2
4)

4.
87

 (
3.

67
, 6

.4
7)

3.
06

 (
2.

14
, 4

.3
9)

 
O

ve
rw

ei
gh

t-
2

8.
37

 (
6.

38
, 1

1.
00

)
8.

38
 (

5.
97

, 1
1.

77
)

7.
07

 (
4.

44
, 1

1.
25

)
10

.1
9 

(8
.5

7,
 1

2.
13

)
17

.0
6 

(1
3.

35
, 2

1.
80

)
6.

82
 (

4.
97

, 9
.3

5)
 

O
ve

rw
ei

gh
t-

3
25

.3
0 

(1
9.

62
, 3

2.
63

)
40

.7
3 

(2
9.

45
, 5

6.
33

)
33

.8
5 

(2
1.

76
, 5

2.
66

)
21

.7
6 

(1
8.

48
, 2

5.
63

)
62

.3
1 

(4
9.

37
, 7

8.
64

)
28

.7
8 

(2
1.

66
, 3

8.
23

)
 

P-
va

lu
e

<
.0

00
1

<
.0

00
1

<
.0

00
1

<
.0

00
1

<
.0

00
1

<
.0

00
1

a L
im

ite
d 

nu
m

be
r 

of
 e

ve
nt

s.
b C

ut
-p

oi
nt

s 
of

 o
ve

rw
ei

gh
t 

1,
 2

, 3
 a

re
 b

as
ed

 o
n 

te
rt

ile
s 

of
 t

he
 fo

llo
w

-u
p 

di
st

ri
bu

tio
ns

:
ov

er
w

ei
gh

t 
1:

 2
5 
≤

 B
M

I <
 2

6.
7;

 o
ve

rw
ei

gh
t 

2:
 2

6.
7 
≤

 B
M

I <
 2

8.
3;

 o
ve

rw
ei

gh
t 

3:
 2

8.
3≤

 B
M

I <
 3

.
c P

-v
al

ue
 fo

r 
te

st
 fo

r 
tr

en
d 

ac
ro

ss
 o

ve
rw

ei
gh

t 
gr

ou
ps

.



DeJesus et al 7

and 3 years. While majority of the cohort were Caucasians 
and non-Hispanics, the minority groups had adequate repre-
sentation which strengthens the generalizability of the find-
ings. This study also showed the association of incidence 
rates with several demographic factors, particularly, which 
has not been examined before on a large scale. However, 
other potential variables that may affect incidence rates 
such as waist circumference, socio-economic status, medi-
cations, co-morbidities, and physical activity were not cap-
tured. Generalizability of findings to more heterogeneous, 
multi-cultural population may be limited. Incidence deter-
mination only covered a period of 3 years; a longer time 
frame might have yielded different results.

Summary

In this study, the prevalence of obesity among community 
dwelling adults ages 20 and above is 35%. At 1 and 3 years, 
the incidence rates for obesity were 7% and 16% respec-
tively. There was a statistically significant association to 
developing obesity among the overweight tertile groups (P 
value <.0001) with the greatest association seen among 
those in the third tertile of overweight category even after 
stratifying by age and sex. Gender, in particular, appeared to 
be a modifying factor to the likelihood of developing obe-
sity; higher risk burden for obesity was seen in females than 
males yet the percentage of men who developed obesity at 
1 and 3 years was higher than women. Hence, while the 
likelihood of developing obesity among individuals who 
are overweight may be higher in women, the dynamics of 
obesity growth appeared to be faster among men. Additional 
large, population-based studies will help elucidate further 
the gender differences in obesity risk. Data from this study 
suggests that middle aged women and men in all tertiles but 
particularly in the third tertile of overweight category may 
be the optimum population to target for weight loss inter-
ventions and implies that weight loss intervention may be 
best initiated prior to onset of obesity.
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