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ARTICLE HIGHLIGHTS

e The prevalence of lean diabetes increased significantly among U.S. adults from 2015 to 2020.

» Black and Hispanic adult populations experienced larger increases in lean diabetes compared with other race/
ethnic categories.

* Among overweight and obese adults, diabetes prevalence did not increase significantly from 2015 to 2020.

» Lean diabetes contributes to the increase in overall diabetes prevalence in the U.S.
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OBJECTIVE

To examine trends and prevalence of lean diabetes among adults in the U.S. from
2015 to 2020, overall and stratified by age, sex, and race/ethnicity.

RESEARCH DESIGN AND METHODS

An exploratory study design evaluated the prevalence and trends of lean diabe-
tes among 2,630,463 (unweighted) adults aged =18 years who responded to the
Behavioral Risk Factor Surveillance System (BRFSS), years 2015 to 2020.

RESULTS

Diabetes increased significantly among lean adults with BMI of <25 kg/m? from
4.5% (95% Cl 4.3-4.7) in 2015 to 5.3% (95% Cl 5.0-5.7) in 2020, representing a
17.8% increase (odds ratio 1.21; 95% ClI 1.12-1.31), with no significant change
among overweight/obese adults. Increases in diabetes prevalence among lean
adults varied by subgroup with Black, Hispanic, and female populations seeing
the largest growth.

CONCLUSIONS

The prevalence of lean diabetes among the U.S. adult population is increasing,
with larger increases among women and populations of color.

Diabetes is an important public health challenge as it impacts >10% of the U.S.
population (1). The prevalence of diabetes in the U.S. has increased over time, ris-
ing by 26% from 9.5% in 1999-2002 to 12% in 2013-2016 but reducing to 10.5%
in 2018 (1). A prominent risk factor for diabetes is excessive body weight (2). Ap-
proximately 89% of adults with diabetes are overweight or obese (1). Beyond in-
creasing the risk of developing diabetes, obesity also complicates diabetes care and
management (3). Although diabetes prevalence increased over time, whether this
trend was similar for individuals of different body weight categories is unclear.
Despite the well-known relationship between obesity and diabetes, diabetes can
also occur among populations that are lean (i.e., BMI <25 kg/m?) (4,5). Such “lean
diabetes” (4) is characterized by reduced insulin secretion and less insulin resis-
tance compared with diabetes among the obese population (6), and lean diabetes
may be a result of different underlying factors, such as malnutrition (4). While dia-
betes among nonobese adults and among obese adults may present different clini-
cally and have different potential etiologies, both groups share an increased risk
for mortality, cardiovascular disease complications, and other adverse outcomes
relative to their counterparts without diabetes (6). Furthermore, nonobese adults
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Trends in Lean Diabetes

with diabetes may face a slightly in-
creased risk for adverse outcomes rela-
tive to their obese counterparts who
have diabetes (6). While 11% of adults
with diabetes in the U.S. are not over-
weight or obese (1), there is little under-
standing regarding trends in lean diabetes
in the U.S. Information on the contribu-
tion of lean diabetes to the overall diabe-
tes prevalence is useful for surveillance
and better diabetes management in lean
individuals. We contribute to the litera-
ture by evaluating trends in the preva-
lence of diabetes among lean populations
in the U.S. overall and by race/ethnicity,
age, and sex.

RESEARCH DESIGN AND METHODS

This study used data from 2015 to 2020
of the Behavioral Risk Factor Surveillance
System (BRFSS), a telephone survey that
collects information on health risk behav-
iors, chronic health conditions, and pre-
ventive health care use among adults
(=18 years). The primary outcome of the
study was having indicated self-reported
diabetes by answering “yes” to the ques-
tion “Has a doctor, nurse, or other health
professional ever told you that you [had]
. . . diabetes?,” with women who indi-
cated diabetes only during pregnancy not
being considered as having diabetes for
this study. The University of Arkansas for
Medical Sciences Institutional Review Board
determined the study as nonhuman sub-
ject research.

We evaluated prevalence and trends
of diabetes by body weight category,
with “lean” defined as BMI <25.0 kg/m?
and “overweight/obese” defined as BMI
=>25.0 kg/m? according to the BRFSS-
calculated BMI variable. To assess differ-
ences in trends among various subgroups,
analyses were stratified by race/ethnicity
(non-Hispanic White, non-Hispanic Black,
Hispanic, and other race/ethnicity), sex
(male and female), and age (<45 years
and =45 years). Analyses accounted for
the complex survey design of the BRFSS
(7), which allows results to be generaliz-
able to adults with diabetes in the U.S.
We evaluated trends in diabetes in two
ways. First, we used logistic regression
models with a linear time trend to regress
diabetes status on to survey year (8).
Second, we conducted logistic regres-
sions with categorical year variables, with
2015 as the reference to be able to com-
pare 2020 to 2015. These models were

conducted separately for BMI categories
and by race/ethnicity, sex, and age. We
conducted a sensitivity analysis that ex-
cluded year 2020 from the data due to
the general disruption in the health care
system related to the coronavirus disease
2019 pandemic. Statistical significance
was assumed at P < 0.05.

RESULTS

The study included 2,630,463 (unweighted)
respondents. Table 1 provides the preva-
lence of diabetes by year overall and strati-
fied by BMI category and by demographic
characteristics. The right-most columns of
the table indicate the change in prevalence
from 2015 to 2020, the unadjusted odds
ratio (OR) associated with 2020 vs. 2015 in
logistic regressions, and the unadjusted OR
associated with a continuous year variable
in logistic regressions. Please refer to Table 1
for Cls.

Overall, the prevalence of diabetes in-
creased significantly from 10.5% in 2015
to 11.1% in 2020, representing an increase
of 5.7% (OR 1.07; 95% Cl 1.04-1.10; P <
0.001). Among lean adults, there was a
significant increase in the prevalence of di-
abetes from 4.5% in 2015 to 5.3% in
2020, representing a 17.8% (OR 1.21; 95%
Cl 1.12-1.31; P < 0.001) increase, but
there was no significant increase among
overweight/obese adults.

When stratifying by race, we found that
the prevalence of diabetes among lean
adults increased significantly by 41.5% (OR
1.44; 95% Cl 1.16-1.78) among Black adults
and by 30.9% (OR 1.32; 95% Cl 1.04-1.67)
among Hispanic adults, with a 15.8% (OR
1.15; 95% Cl 1.05-1.25) increase among
White adults.

When evaluating trends by sex, we
found a 6.9% (OR 1.08; 95% Cl 1.00-1.17)
significant increase in diabetes prevalence
among women in the entire study sample,
with no such increases among men. We
also found a 43.2% (OR 1.45; 95% Cl
1.19-1.78) increase in diabetes among
lean women but no such significant in-
creases among lean men.

When assessing differences in the prev-
alence of diabetes among different age-
groups, we found a significant increase in
diabetes prevalence of 14.3% (OR 1.15;
95% Cl 1.05-1.25) among adults <45
years old and an increase of 4.1% (OR
1.05; 95% Cl 1.01-1.08) among adults
>45 years. There was a significant in-
crease of 17.9% (OR 1.19; 95% Cl:
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1.09-1.29) in adults >45 years of age
among lean individuals and a significant
increase of 10.0% (OR 1.11; 95% CI
1.00-1.23) in adults <45 years in the
overweight/obese category.

CONCLUSIONS

This nationally representative study from
2015 to 2020 found significant increases
in the prevalence of diabetes among lean
adults of all races except for Asian and the
“other” race/ethnicity, among those aged
=45 years, and among women, with no
increases in diabetes prevalence among
overweight/obese populations overall.
While the higher prevalence of diabetes
among adult populations of color is well
established (1), our study finds an increas-
ing trend in the percentage of diabetes in
lean populations of color.

The U.S. Preventive Services Task Force
(USPSTF) recommends that overweight or
obese adults aged 35 to 70 years be
screened for prediabetes and type 2 diabe-
tes (9). Our study found that lean popula-
tions had approximately nine-times higher
growth in the prevalence of diabetes in
the last 5 years compared with over-
weight/obese populations. In addition to
screening overweight and obese adults for
diabetes, it may be beneficial to consider
increasing screening efforts to populations
that are not overweight or obese, particu-
larly women, populations aged =45, and
non-White adults. Previous studies in other
countries have found relationships between
malnutrition and diabetes among lean pop-
ulations (4). Another study found a high
prevalence of alcoholism and smoking in
lean adults with diabetes (10). More studies
should consider exploring other socioeco-
nomic factors that may predispose lean
populations to diabetes. Given the substan-
tially higher trends of diabetes prevalence
among lean adult populations of color, a
better understanding of how to prevent
and treat diabetes among lean adults will
be critical for ensuring health equity.

Health care providers and public health
professionals should be aware of the in-
creasing manifestation of diabetes in indi-
viduals who are not overweight or obese.
Therefore, early diabetes screening and
preventive programs should include lean
individuals, with increased focus on adults
aged =45, women, and adult populations
of color.

Our study had several limitations. First,
BRFSS is self-reported data that are subject

20z Iy 60 U0 158n6 Aq Jpd° 1 4812ZoP/E8Y00.L/S88//9t/IPd-0[0ILIE/aIED /W00 IEYDIBANIS EPE//:d)Y WOI) PapEO|UMOQ



887

Adesoba and Brown

diabetesjournals.org/care

888 'd uo panunuo)

Downloaded from http://ada.silverchair.com/care/article-pdf/46/4/885/700483/dc221847.pdf by guest on 09 April 2024

(80'1-86°0) (8€'1-5£°0) (5'9-9°%) (5'£-0'9) (£8-v'9) (T°£-9°7) (6'5-T'¥) (L9-tTv)
970 €0°T 8160 0T 6T v's 19 89 8'S 67 €S 9Ep'Ee Y10
(S0'T-€6°0) (0¥'1-59°0) (0'9-9°€) (£s-€€) (0'8-8'%) (rs-s€) (§'9-T'v) (r9-8€)
82L°0 660 6080 S6°0 Tv— Ly 187 [4°] 87 s 6 068°8¢ uelsy
0T°T-20°T) (£9'T-v0'T) (5'8-09) (L1-6'9) (8'9-0°9) (6'9-T'S) (r'9-Lv) (€'9-8'1)
S00°0 90T ¥20°0 TET 60€ L 89 6'S 09 S's q's 8/8'SS dluedsiH
(tT'T-€0T) (8£°T-91°T) (9:01-82) (96-22) (6:2-09) (62-6'S) (6'2-79) (r2-8'9)
100°0> L0T 100°0 T STy 6 €8 69 8'9 0L ] 00Z'st Xelg
(¥0'1-T0'T) (ST°'1-50'T) (Lv-T'%) (r'v—0'v) (8'v—€¥) (ev—8'¢) (r'v—0'v) (0'v—L°€)
1000 0T 2000 ST'T 8'ST vy (47 Sy ot [ 8'€ 807'ST9 AUYM
Audruyla/adel Ag
(s0'1-20°T) (te'T-21°1) (£5-05) (€'5-8'%) (r's-6'1) (6v-v'1) (0'5-9%) (Lv—€v)
100°0> €0°T 100°0> 1T 8LT €S 0's TS 9'Y 8Y 97 Stv'T6L 1\
uone|ndod uea
(to'T-00'T) (80°T-10°T) (zgt-s£1) (€81-8£T) (8'81-T'8T) (T'8T-¥£1) (0°8T-S°ZT) (SLT-0°LT)
100°0> 10T S00°0 SO'T v 6LT 18T S'8T LLT 11T LT 0T8'768'T sy=
(¥0'T-10°T) (ST°T-50'T) (re-0€) (Te-82) (e'e-0¢) (T'e-20) (0'e-£7) (6'7-97)
100°0 €0°T 2000 ST'T €T e 6 1€ 6T 8¢ 8'C €59°L€EL s>
98e Ag
€0°'T-00°T) (YT 1-£6°0) (zzi-cot) (sT1-€01) (0TT-S°TT) (STT-60T)  (¥'T1-6°01)  (T'TT-L°0T)
9000 10T 66T°0 S0'T S’ STT 60T LTT It 1T 60T ¥2L'898 3l
€0°'T-TO'T) (£1°'1-00'T) (s'TT-T°0T) (T'11-6'6) (7’T1-80T)  (8'0T-€'0T)  (8°0T—€°0T) (€'0T-6'6)
100°0> 0T 8700 80'T 69 80T S0T 11T 90T S0T 10T 29T'L0T'T 3jewa4
x3s Ag
(€0'1-66°0) (€T°1-68°0) (re1-9ot) (ev1-S52r) (0sT-6C2T)  (6'€T-0°CT)  (L21-T'T1)  (€2T-9°0T)
95T'0 10T 8660 00T 0 STl vET 6'€T 6CT 8'TT Q1T TES'TCT 13430
(66°0-26°0) (76°0—-09°0) (8'£-6'9) (6'8—£"9) (s'01-0'8) (8'6-T'L) (Tot-£2) (zot-9:2)
L00°0 S6°0 1100 SL°0 LTt~ 89 8L 6 v'8 8'8 88 LTT'65 ueisy
(¥0'1-T0'T) (rT'1-€0'T) (Ler-t1r)  (9zi-v'Tr)  (€e1-601)  (v2I-T'IT)  (¥'TI-€01) (2TT-T°0T)
100°0 €0°T 7100 €TT (AN 61T 0T 91T LTT 60T L0T 8TT'Tee duedsiy
(€0'1-TO'T) (8T°'1-10°T) (e91-£vT)  (§9T-T¥I) (9ST-T¥T) (0°ST-9°€T)  (8%T-9°€T)  (0'ST-L'€ET)
¥00°0 0T 7200 0T'T v'8 g'sT 6T 61T €Yl Ty €Yl 16990 Xelg
(zo'1-10°T) (TT'T-%0'T) (cot-g0t) (sot-T'0T) (60T-501)  (€0T-6'6)  (SOT-T'OT) (01-L6)
100°0> 10T 100°0> 80'T TL S0T €0T L0T 10T €01 8'6 LLT'0L6'T AUYM
Adiuyra/ades Ag
(zo'T-10°T) (0T'T-¥0'T) (rr1-601) (€TT-6'0T) (9°TT-CTT) (T'TT-£01) (0°TT-Z0T)  (£°OT—€0T)
100°0> 10T 100°0> L0°T LS 1T TTT vIT 60T 80T ) 2E9V'0€9'C
,puaiy (1D %S6) 4O 4STOT "SA 0Z0T (12 %S6) 4O 0202-STO0T 020t 6T0C 810¢ £10¢ 910¢ STOT (u) syuspuodsay
Jeaul| Jo 159} LpuaJy seauj| JO anjeA 4 4STOT 'sA 0Z0T a8ueyd %
1ojJ anjeA 4 10J 159

0202—-ST02 SS444 :96e pue ‘xas ‘Ajoiuyis/eoel Aq pue |eId9A0 “S M 9Y3 Ul sieak gT= pabe sjnpe jyHlamisnouou pue JyHiaMmisano Huowe sajagerlp Jo dduslendid—T dlqel


https://diabetesjournals.org/care

Diabetes Care Volume 46, April 2023

Trends in Lean Diabetes

888

Downloaded from http://ada.silverchair.com/care/article-pdf/46/4/885/700483/dc221847.pdf by guest on 09 April 2024

‘sa|qersen dnoudqgns Joj uonewsojur Suissiw 03 anp N ajdwes [e301 3y} |enba jJou Aew sdnoi3qns jo sanjea u jo uonewwns, ‘s|qelieA SNONUIRUOD e se
JeaA yum uoissaudal onsigo| paisnipeun Suisn pajendjed aIam SanjeA 4 pue SYQ, "92UaJ34aJ 3yl se GTOZ O3 Jeah yoea aledwod 01 3|gelieA |ed1103a31ed e se Jeah yum uoissaldal onsio| paisnipeun Suisn
Pa3e|Nd|eD BU9M SaN|BA 4 pue SsYO ‘0Z0C O} STOZ wouy a8ueyd aAne|a. se paiejndjed agueyd mecwEwn_g '0207-STOT S4eaA ‘SS4¥g ay3 jo udisap Asauns xa|dwod ay) 123|434 01 pa1ydiam aJe sadejuadlad,

(10'1-00°T) (50'1-86°0) (8Tz-607) (6Te-T'Te) (STz—£Te) (0Cce-T'12)  (8Te-T'Te)  (S'TZ-L'02)
L92°0 00T 00%°0 0T 7' AT S'1e 1¢ 9'TC v'1e 11T S¥2'907'T Sh=
(¥0'1-00°T) (€T'T-00'T) (8'%-T'%) (5'—6'€) (Lv-T'7) (7'v—8°€) (e'v—8'¢) (e'v—8'€)
200 0T 000 ITT 00T vy (47 vy v v (VR7 966'80% St>
a8e Ag
(€0'T-00'T) (€ET'T-S6°0) (6v1—8cr) (Pv1—8Tl) (LvI-6€T) (E¥T-G'€T) (OVI-€€T) (L E€ET-T'ET)
€200 10T L70 v0'T o€ 8'€T 9'€T €Yl 6€T LE€T v'ET £6¥'809 3eN
(¢0'1-66°0) (60'T-16°0) (8'sT-9°€T)  (8'ST-6'€T)  (9'5T-8%1)  (€ST-S¥T) (€ST-S¥I)  (T'ST-v'¥T)
7LS0 00T 2060 66°0 L0~ LYT 8vT st 61T 61T 8YT ¥29'209 3lewsad
xas Ag
(¥0'1-66°0) (£1°1-88°0) (s91-2'€T)  (€8T-£'ST)  (€6T-¥9T)  (0'8T-¥'ST)  (£9T-¥'¥I)  (T'9T-8°€T)
192°0 10T LT0 10T €T TsT 0LT 8LT 99T g'sT 61T 965'8L Y10
(86'0-68°0) (68°0-6%°0) (9zt-2'8)  (vst-6'01) (€LT-ver)  (941-Ter)  (891-£T1)  (64T-9°CT)
£00°0 ¥6°0 9000 99°0 0°0€— S0T 8T LYT 9vT T 0sT YET'VT ueisy
(#0'1-00'T) (¥2'1-66°0) (Ls1-ver)  (9sT-8'€r)  (6vT-T'€T)  (9'ST-8'€T)  (SvI-621)  (T'¥T-9°CT)
8€0°0 0T 900 ITT 06 SYT LYT oYt LYT LET €€l 6ET'9ET duedsiy
(¢0'1-66°0) (60'T-16°0) (6'81-6'9T)  (5'81-6'9T)  (T'6T-€£T) (98T-£9T) (2'81-S'9T)  (8'8T-T'LT)
SEL0 00T w60 00T 00 6LT LLT T8t 94T €L 6LT 908'TYT Xelg
(t0'1-00'T) (£0'1-66°0) (ovi-€€r) (8€T-T€T) (rvI-8€T) (SET-CET) (6°€ET-V'ET)  (SET-0€ET)
6600 00T 190°0 €0°T o€ LET GET T SET L'€ET €€T 89%'60C'T SUYM
Adiuyia/aoel Ag
(T0°'1-00°T) (90°'1-66°0) (9v1-0vT) (9v1-T¥1) (0ST-S¥1) (£¥I-T¥T) (S¥T-0%I)  (E¥T-8'€ET)

SL0°0 00T 6ST°0 0T TC €yl €Yl 8T A7 Tyt oYl T92'STIT 1%
uolje|ndod
959q0-1ySIamIanQ

(S0°'1-20°T) (62°1-60'T) (s'01-€'6) (0'0T-T°6) (0'01-0'6) (1'6—€°8) (5'6-L°8) (8'8-1°8)
100°0> €0T 100°0> 6T'T 6'LT 6'6 96 96 L8 16 v'8 LOT'VES Sy=
(£L0'T-66°0) (zs'1-v6°0) (91-T'1) (e1-0T) (s'1-T'1) (e1-01T) (e1-0T) (z1-670)
65T°0 €0'T 910 0T 78T €7 TT €7 T TT TT 8EE'LST St>
98e Ag
(#0'1-66°0) (62'1-06°0) (6'9-0°S) (s's-T'p) (5'9-9'9) (5'5-8'%) (6°'5-T'S) (65-T°S)
682°0 10T YEV'0 80'T €L 6'S Ly 09 TS S's S's 8€6'TTC 3eN
(60°T—€0°T) (84 1-6T°T) (e'9-'7) (T's-2°€) (8'7-T'%) (9'7-0'%) (5'7—0'7) (6'€—S°€)
100°0> 90T 100°0> ST TEY €6 €Y Sy €Y 87 L€ 818'08€ 3lewsad
x3s Ag

,puai (1D %S6) 4O 4STOT "SA 0Z0T (19 %S6) ¥O 020Z-ST0C 020t 6T0¢C 870¢ L10C 910¢ ST0C (u) syuspuodsay

Jeaul| Jo 159} LpuaJy seauj| JO 3njeA 4 qSTOT 'sA 020T a8uey) %
10jJ anjeA 4 10j 159

panunuoD—T 3|qeL



diabetesjournals.org/care

to social desirability bias and which may
underrepresent diabetes and obesity in
this study. Second, the question regarding
diabetes does not distinguish between
type 1 and type 2 diabetes. However, given
the low prevalence of type 1 diabetes, esti-
mated at 6% of all diagnosed diabetes
(11), and the increasing prevalence of dia-
betes among lean adults >45 years, we
believe that type 1 diabetes is unlikely to
be the sole cause of the increasing preva-
lence of lean diabetes in the U.S. Finally, our
study was unable to disaggregate racial/eth-
nic subgroups within the larger racial/ethnic
categories, such as disaggregated Asian sub-
groups (e.g., Chinese) within the broader
Asian category. Future studies with the abil-
ity to distinguish between type 1 and type 2
diabetes are needed. Additionally, future
studies that consider changes in screening
across populations may help elucidate
whether the change in lean diabetes noted
in this study is due to better recognition or
increased prevalence.
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