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Abstract

Background: Obese adults who free from metabolic risk factors may develop risk factors over
time. Our objective was to characterize development of obesity and duration of metabolically-
healthy-obese (MHO) over 30 years.

Methods: Participants in CARDIA who developed obesity (BMI = 30 kg/m?) at follow up exams
7, 10, 15, 20, 25 and 30 were analyzed. MHO was defined as obese and having 0 or 1 risk factor:
>SBP/DBP 130/85mmHg; fasting glucose =100mg/dL/5.55mmol/L; fasting triglycerides (=150
mg/dL/1.69mmol/L); and HDL-C (men <40mg/dL/1.036mmol/L, women <50mg/dL/
1.295mmol/L) or on any medication(s) for these conditions. MHO duration (yrs) and obesity
duration (yrs) were estimated for each subsequent time-point; and an overall cumulative duration
was also calculated over available follow-up. MHO duration (%) was approximated as MHO
duration + obesity duration. Stable MHO was defined as 100% MHO duration over follow-up,
while transient MHO was defined as <1-99%. Chi-squared tests were used to compare proportions
by sex and race across obesity phenotypes. Multivariable adjusted ANCOVA adjusting for baseline
BMI, age, race, sex, and was used to analyze obesity duration in all individuals who developed
obesity, and also compare MHO duration (%) across race and sex in transient MHO individuals.
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Results: Of the 987 eligible participants who developed obesity, 51% were African American
(AA), 56% were women. Higher percentages of AA were classified as transient MHO, and higher
proportions of females were MHO (both p<0.0001). Obesity duration (yrs) was higher in transient
MHO compared with stable MHO (mean difference: 6.2 £ 0.5 yrs, p<0.0001). Of those with
transient MHO, African Americans (51.4 + 1.6%) were more likely to have longer MHO duration
compared to Caucasians (44.4 £ 1.9%, p=0.005).

Conclusion: MHO status can be a transient phenotype which differs by sex and race. Future
studies are needed to explore modifiable lifestyle/behavioral predictors associated with longer
MHO duration.

Introduction

Obesity is a complex condition exhibiting considerable phenotypic variation. While obese
adults are more likely to have multiple abnormal cardiovascular and metabolic risk factors
(metabolically “unhealthy” obese) (1), obese individuals may also be metabolically
“healthy” obese (MHO) and demonstrate favorable blood pressure, lipid profiles and greater
insulin sensitivity (2—6).

Individuals with MHO are more likely to develop cardiometabolic abnormalities over time
compared with normal weight healthy individuals (7, 8), suggesting that MHO status may be
a dynamic or transient phenotype. Adults who transitioned from MHO to metabolically
unhealthy obesity were more likely to be male, smokers, have a higher body mass index
(BMI), and older age (9); however, the influence of race has not been investigated, despite
evidence that African American adults have documented health disparities with increased
vulnerability to both clustering of cardiometabolic risk factors(10) and obesity(11).

Some authors hypothesize that MHO simply reflects stratification of obesity by different
levels of “exposure” where increased risk may be related to an earlier onset of obesity,
severity and/or duration of obesity (12-14). Previous studies show that after a period of 6
years, 37% of MHO individuals transitioned to metabolically unhealthy obesity in a Spanish
cohort (15). However, after a mean follow-up of 8 years, 48% transitioned in a white and
Hispanic U.S. cohort (16), which may suggest that with longer follow-up time, there may be
an increased number of individuals progressing from MHO state to metabolically unhealthy
obesity. However, a major limitation in the existing literature is that all of the
aforementioned studies’ participants were already obese at baseline, so the duration of both
obesity and phenotypes (metabolically healthy or unhealthy) in these individuals is
unknown. Finally, studies typically have a follow-up shorter than 10 years, with only a
single follow-up measure, thus a life-course trajectory of these obesity phenotypes cannot be
established. Therefore, a better understanding of MHO duration (i.e., length of time an
individual spent in MHO state) and stability (stable or transient phenotype) is needed over
the life-course (17).

To address the current limitations, the purpose of this study was to 1) quantify MHO
duration and stability from development of obesity over 30 years and 2) explore possible
race and/or sex differences in MHO stability. Since individuals with MHO are more likely to
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be female and African American (18), we hypothesize that women and African American
race have longer MHO duration.

We utilized the CARDIA cohort to examine the development of obesity from baseline, and
to establish MHO duration and stability over a 30 year follow-up period. CARDIA was
initiated in 1985-1986 with enrollment of 5115 African American and Caucasian adults,
aged 18-30 years, residing in Birmingham, AL, Chicago, IL, Minneapolis, MN, and
Oakland, CA. Details of the study design, protocol and procedures have been reported
elsewhere (19). Baseline enrollment at each site was balanced and stratified by sex, race/
ethnicity, age group, and attained educational level. All participants signed informed consent
prior to data collection and all procedures were IRB approved at each participating
institution. After baseline assessment, participants were followed up with examination
cyclesat 2, 5, 7, 10, 15, 20, 25 and year 30 years, with 91%, 86%, 81%, 79%, 74%, 72%,
72% and 71 (n=3358), of the surviving cohort returning for examination, respectively.

Race/ethnicity was obtained from the baseline questionnaire and verified at exam 2. Age,
medications, pregnancy status and lactation status were obtained through questionnaire at
each exam cycle. Height and weight were measured from participants in light clothing
without shoes. BMI was calculated by dividing weight in kg by height in meters squared,
and obesity was defined as =30 kg/m? (20). Cardiometabolic risk factors were assessed at
each exam (except glucose which was not measured at exam years 2 and 5) according to
standard CARDIA procedures (19). Blood pressure (BP) was measured in triplicate, after 5
minutes of rest, one minute apart, from the right arm using a Hawksley random-zero
sphygmomanometer until year 15, and subsequently using an oscillometer with values
calibrated to the random-zero sphygmomanometer. Participants were instructed to fast for
=12 hours before phlebotomy. Blood was drawn into EDTA vacutainers, separated into
plasma and serum, and frozen until analysis. Descriptions of the lipid/metabolic
measurement and quality control have been previously reported (21). Plasma cholesterol and
triglycerides were measured using enzymatic procedures (22), glucose was measured with
hexokinase method, and high density lipoprotein cholesterol (HDL) after precipitation with
dextrate sulfate/magnesium chloride (23).

For the current analysis, we excluded individuals who were identified as obese at baseline
(BMI = 30 kg/m?; n=235), and/or had bariatric surgery during follow-up (n=62). We
established the following criteria for inclusion:1) individuals who developed obesity at
follow-up exams during years 7, 10, 15, 20, 25, and 30; 2) had at least one follow-up visit to
establish obesity and/or MHO duration; and 3) had cardiometabolic data to establish
phenotype (n=989). Since follow-up exams 2 and 5 did not have glucose data collected,
these examinations were excluded from this analysis. Participants with missing baseline
BMI (n=2) were also excluded from the final sample. If a woman was pregnant or
breastfeeding at a particular follow-up exam, that specific exam’s data for BMI and
cardiometabolic data were set to missing. However, if that same woman was obese at any
other timepoint, and she was not identified as pregnant and/or breastfeeding, she was
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included in the sample. After all of these exclusions, the final sample analyzed included
n=987 participants.

MHO phenotype definition

An MHO individual was defined as an obese individual (BMI =30 kg/m?2) (20), who was not
pregnant or breastfeeding at time of exam, with 0 or 1 abnormal risk factor as determined
from the following variables: Systolic blood pressure/Diastolic blood pressure > 130/85
mmHg, glucose =100 mg/dL or 5.55 mmol/L; fasting triglycerides (=150 mg/dL or
1.69mmol/L); and HDL-C (men <40mg/dL or 1.036mmol/L, women <50mg/dL or
1.295mmol/L), or taking medications to treat diabetes (24, 25). Metabolically unhealthy
obesity was defined as obese individuals in the non-pregnant and non-lactating state with > 2
risk factors. Obesity phenotype status was assessed at each follow-up exam, except years 2
and 5 when glucose data were not available.

Obesity duration

Obesity duration was calculated starting from the exam date on which obesity was first
identified (after baseline assessment) and summed over the period that participant remained
obese, to the last available clinical examination date. To account for the possibility that the
actual development of obesity could have occurred between exam dates, and not precisely at
the actual exam date, we approximated obesity duration as half of the period between the
two exams where the participant was non-obese, and the subsequent exam where obesity
onset was identified. If a participant who developed obesity then reverted to become non-
obese during another follow-up exam, we subtracted one half of the duration between the
last exam date where obesity status was identified and the subsequent exam date on which
non-obesity recorded. The duration of obesity for participants who died or were lost to
follow-up were censored at the last available clinical examination date which obesity was
confirmed. If a person was found to be obese during one single follow-up visit (i.e., year 7),
then duration was calculated as one half the duration of adjacent (before and after) exam
visit dates. If a participant was found to be obese only at year 30 during the final follow-up
visit, then their duration of was set to one half the duration between the year 30 and year 25
exam dates (i.e., 2.5 years). For this study, the range of obesity duration was 2.5-26.5 years.

MHO Duration

MHO duration was calculated as the time in years that a person had both obesity and healthy
cardiometabolic risk status. If a person was identified as MHO at any follow-up exam, a
duration could be assigned as the number of years between the initial MHO exam date and
final MHO status exam date. MHO may be a dynamic status, therefore, if at a subsequent
exam a person is observed to have transitioned to metabolically unhealthy obese or non-
obese state, then obesity duration was estimated using the midpoint between the two
adjacent exam dates. Once an obese person was identified at an exam cycle as metabolically
unhealthy, MHO duration was censored at that exam date. MHO duration was defined as the
sum the period over the relevant dates between which the person was classified as MHO. For
this study, the minimum MHO duration was 0 years (metabolically unhealthy status
throughout follow-up), and the maximum MHO duration was 26.5 years.

Int J Obes (Lond). Author manuscript; available in PMC 2019 September 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Camhi et al.

Page 5

Since individuals could vary in obesity duration, we defined the primary outcome as a
proportion of MHO duration relative to obesity duration, i.e., MHO duration (%) = 100 *
[MHO duration (years) + obesity duration (years)].

Metabolically unhealthy obesity was defined as a person who had 0% MHO duration. Stable
MHO was defined as a person who remained MHO for the entire duration of their obesity
(MHO duration = 100%). Transient MHO was defined as a person who transitioned from
MHO to either non-obese or metabolically unhealthy obesity (MHO duration = 1-99.9%).

Statistical Analysis

Results

A Chi-squared test was used to compare sex and race across obesity phenotypes (stable
MHO, transient MHO, and metabolically unhealthy obesity). Multivariable adjusted analysis
of covariance (ANCOVA) was used to compared obesity duration (years) between obesity
phenotypes. ANCOVA models were adjusted for baseline BMI, baseline age, sex, and race.

We also computed the proportion of obese individuals who remained stable MHO through
the rest of the available follow-up; we reported their total duration as stable MHO. To
examine possible race and sex differences in MHO duration (%) in transient MHO
individuals, multivariable adjusted ANCOVA was used adjusting for baseline age and
baseline BMI and least squared means * SE are reported. Since the race*sex interaction term
in ANCOVA models did not attain statistical significance, we fitted main effects only models
in which race, sex and race*sex were entered as covariates. Menopausal status was included
in the original models as a covariate, but it was not significant in any of the analyses and
removed from the final models.

Since many individuals had several time points where obesity and metabolic status were
available, we wanted to examine MHO duration without censoring at the first occurrence of
metabolically unhealthy obesity to account for the possibility that individuals may transition
more than once between obesity phenotypes (ie., MHO at year 10, metabolically unhealthy
obesity at year 15, MHO at year 25). Therefore, we re-calculated MHO duration as any
period when an individual was MHO, regardless of their previous status (i.e., transitioning
from metabolically unhealthy obesity to MHO). We conducted a sensitivity ANCOVA
analysis for transient MHO individuals in which MHO duration was not censored after the
first identified transition from MHO to metabolically unhealthy obesity.

All statistical analyses were performed using SAS software version 9.3 (SAS Institute, Cary,
NC). A p-value <0.05 was considered statistically significant.

Of the 987 eligible participations, 51% of the sample was African American and 56% were
women. Table 1 displays cardiometabolic risk factors at baseline and year 30 of the total
sample. Mean (£SD) age at baseline and at year 30 was 25.0 + 3.7 years, and 55.0 + 3.7
years, respectively. Mean BMI at baseline was 24.9 + 2.8 kg/m? and 34.2 + 5.2 kg/m? at
year 30. Mean age of onset for obesity was 41.0 + 8.9 years, and the distribution of obesity
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onset across age groups shows the majority of individuals having onset between 30.0-49.9
years of age.

The number of individuals who became obese approximately tripled from n=276 (7.8%) at
year 7, to n=864 (28.7%) at year 30 (Table 2). The MHO prevalence decreased from 77% at
year 7 to 49% in year 30 (Table 2).

Of 987 individuals who developed obesity over 30 years, 324 (33%) were identified as the
metabolically unhealthy obesity phenotype (MHO duration = 0%), while 663 (67%) are
identified as MHO for at least 1 follow-up visit. Of those who were identified as MHO,
n=341 (52%) were classified with a stable MHO phenotype (100% MHO duration), while
n= 322 (48%) have a transient MHO phenotype (unadjusted MHO duration = 49.0 + 21.2%)
(Table 3).

A proportion of the sample were stable MHO throughout the period of observation. For
those initially obese at Year 7, 51.8% (143/276) were stable MHO for =10 years; 22.4%
(62/276) were stable MHO for =20 years. Similar for individuals initially obese at Year 10,
41.4% (51/123) were stable MHO for = 10 years; while 26.8% (33/123) were stable MHO
for 15 years. Of individuals first identified as obese at year 15, 41.8% (76/182) were stable
MHO for =210 years; 21.4% (39/182) were stable MHO for =15 years. For individuals first
identified as obese at Year 20, 36.4% (55/151) were stable MHO for =10 years; and among
first obese at Year 25, 57.8% (89/154) were stable MHO for = 5 years.

Frequencies of obesity phenotypes by race and sex are presented in Table 3. African
Americans were more likely to be classified as transient MHO, and less likely to be
classified as metabolically unhealthy obese. Females were more likely to classified as
transient MHO or stable MHO and less likely to be classified as metabolically unhealthy
obese (all p<0.0001).

Transient MHO had longer multivariable adjusted obesity duration compared with stable
MHO (difference: 6.2 £ 0.5 years, p<0.0001), and compared with metabolically unhealthy
obese (difference: 5.2 £ 0.5 years p<0.0001), suggesting that participants who had obesity
for a longer period of time are more likely to develop risk factors. There was borderline
differences between obesity duration for stable MHO and metabolically unhealthy obesity
phenotypes (p=0.054) (Figure 1). The change in BMI from year 30 to baseline was
significantly different between all three phenotypes (p<0.03) with MHO transient having the
highest change at 11.1 + 6.0 kg/m2, MHO stable at 8.9 + 4.4 kg/m?2, and metabolically
unhealthy obesity at 8.1 + 4.4 kg/m?.

For individuals with transient MHO (n=322), prevalence of abnormal individual
cardiometabolic risk factors were as follows: glucose (before transition: 46.5%, at transition:
73.3%; change: +26.7%), blood pressure (before transition: 47.2%, at transition: 65.7%;
change: +18.6%), triglycerides (before transition: 37.1%, at transition: 48.7%; change:
+11.6%), and HDL-cholesterol (before transition: 50.6%, at transition: 59.4%; change:
+8.8%). For those with transient MHO, African Americans were more likely to have longer
MHO duration (51.4 £+ 1.6%) compared with Caucasian individuals (44.4 + 1.9%, p=0.005),
with no significant differences between men and women (p=0.98) (Figure 2).
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The sensitivity analysis (in which MHO duration was not censored after 15t transition to
metabolically unhealthy obesity) showed consistent race results in individuals with transient
MHO: African Americans had longer MHO duration compared to Caucasians. However,
significant sex difference were seen: women had longer MHO duration compared to men
(53.0 £ 1.4% vs 48.3 + 1.5%, p=0.03).

Discussion

We quantified MHO duration and stability using a unique dataset, with repeat exam cycles
spanning over 30 years. MHO individuals may represent a transient phenotype where
approximately 2/3 of young adults who became obese were identified as MHO for at least 1
follow-up visit. Approximately half of these adults transitioned from MHO to metabolically
unhealthy obesity. Those who transitioned from MHO to metabolically unhealthy obesity
also had longer obesity duration and were more likely to be African American. While many
individuals who began as MHO did transition to metabolically unhealthy obesity over time,
the proportion of people who were stable MHO for =10 years (36-52%) or even =15 years
was not negligible (21-27%).

Several previous studies provided evidence that MHO is a transient phenotype (9, 15, 16, 26,
27). Only two other studies followed participants with multiple phenotype assessments for
more than 10 years (26, 28). Bell et al., found that after 20 years, approximately one half of
MHO were stable, which is consistent with our current findings. Eckel et al., found that a
large proportion of metabolically healthy women from the Nurses’ Health Study converted
to an unhealthy phenotype over 30 years across all BMI categories, which was also
associated with an increased cardiovascular disease risk (28). Zamrazilova et al., found that
adolescents with the MHO phenotype had earlier onset and shorter duration of obesity,
however, defining both onset and duration of obesity with regards to MHO stability are to
date, not available for adults (12). We also found that the transient MHO phenotype
displayed a longer obesity duration, indicating that the longer a person is obese, the more
likely they are to transition from metabolically healthy to unhealthy.

Our research shows that women are more likely to have the MHO phenotype (stable and
transient); while men were more likely to be metabolically unhealthy obese. Previous studies
had findings similar to ours and have shown that individuals with MHO were more likely to
be female (7, 9) and those who transition to metabolically unhealthy obesity were more
likely to be male (9, 27). However, previous scientific literature on MHO stability in men
versus women included only a single follow-up assessment. Our study findings are unique
since we quantified the development and onset of obesity and examined the transition
between men and women over multiple time points spanning over 30 years of follow-up.
When we censored MHO duration to the first transition to metabolically unhealthy obesity
in our original analysis, we found no statistically significant differences between men and
women. However, when we allowed any period of MHO to occur over the course of obesity
(uncensored sensitivity analysis), women had significantly longer duration of MHO (%),
indicating a longer MHO duration (years) over the same period of obesity. This sensitivity
analysis suggests that women may transition bi-directionally in and out of MHO multiple

Int J Obes (Lond). Author manuscript; available in PMC 2019 September 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Camhi et al.

Page 8

times over the course of their obesity status, whereas men transition uni-directionally from
MHO to metabolically unhealthy.

Current research that examines stability or transition of MHO were mostly conducted in
populations of European descent (7, 15, 26, 27) or Asian descent (8, 9). One study compared
Mexican Americans versus non-Hispanic whites found no significantly different transition of
MHO to metabolically unhealthy obesity by ethnicity (16). However, prior to our
investigation, no other studies have examined MHO duration in a cohort that includes
African Americans. African American individuals is of particular importance due to their
documented health disparities and increased vulnerability to both cardiometabolic risk factor
clustering (10) and obesity (11), however, research also reveals African Americans are more
likely to be MHO (18). Our analyses showed that higher proportions of African Americans
have transient MHO (vs. stable MHO), and that African Americans with transient MHO
have longer MHO durations compared to Caucasians. Further studies are needed to replicate
our findings, as well as understand how transient MHO and MHO duration relates to specific
disease outcomes in diverse populations including men and women, as well as multiple race/
ethnicities.

A standard MHO definition does not currently exist, and as many as 15 different definitions
have been used to date (29), which makes findings and conclusions difficult to interpret,
compare and contrast across studies (30). Although we selected our definition based on
recommendations to include practical and clinically relevant measures for lipids and blood
pressure that were measured in CARDIA throughout 30 years (5, 31), our approach had
noteworthy limitations. As previously mentioned, glucose data were unavailable at years 2
and 5, and thus, we were not able to identify phenotypes at these exam cycles. In addition,
data were collected approximately every 3-5 years, and thus we elected to estimate the
transition of obesity and/or MHO as halfway duration between time points. Since the obesity
onset could “occur” at any follow-up exam, there was variability in MHO and obesity
duration. To account for this heterogeneity, our primary outcome of interest (MHO duration)
was expressed as a relative fraction of obesity duration. Finally, we did not account for
duration of metabolic health status when the person was not also obese, thus, unhealthy
metabolic health could precede obesity status. However, our focus for this current paper was
to define stability of obesity phenotypes and we were able to account for the development of
obesity and duration and stability within obesity phenotype.

Despite these limitations, the CARDIA cohort is well suited for this investigation for several
reasons. The data set reflects a richly characterized biracial cohort initiated in 1985 just as
the obesity epidemic in the U.S. began (32) As shown in this current study, approximately
14% of participants were identified as obese at year 7, and by year 30, approximately 40%
were obese. (33). We were able to follow non-obese individuals every 3-5 years over 30
years to examine the development of obesity phenotypes and utilize multiple exam cycles to
explore the phenotype trajectory. Finally, the length of follow-up has been identified as a
critical aspect when examining future disease risk for population subgroups (34) and
recommendations are to have =10 year time lag to see the effect of cardiometabolic risk on
health (35), thus, CARDIA’s 30 years of follow-up is an ideal dataset to describe MHO
duration and stability.
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In conclusion, we were able to quantify and define MHO duration and stability over 30
years. MHO can be a temporary or transient phenotype and future research should account
for MHO duration or “exposure”. Future research is needed to explore how MHO duration
relates to chronic disease outcomes such as CVD and diabetes morbidity and mortality, as
well as explore possible predictors for longer MHO duration and/or stability such as parity
and/or modifiable lifestyle behaviors such as physical activity and dietary intake.
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Figurel.

Multivariable-adjusted” obesity duration among obese CARDIA participants by obesity

phenotype groups (n=987) over 30 years.
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Figure2.
Sex and race comparisons for MHO duration* (%) among CARDIA participants with

transient MHO (n=322).
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Baseline and 30-year characteristics of CARDIA sample (n=987) who developed obesity during follow-up.

N 987
Femalen (%) 554 (56)
African American n (%) 507 (51)
Age (years) Baseline 25037
Year 30 55.0+ 3.7
Age of Obesity Onset (mean) 41.0+8.9
<30 years n (%) 101 (10)
30-39.9 years n (%) 368 (37)
40-49.9 years n (%) 309 (32)
>50 years n (%) 209 (21)
BMI (kg/m?) Baseline 249+28
Year 30 34.2+52
Changein BMI (kg/m?) 9.4+52
Systolic BP (mmHg) Baseline 110.2 +10.3
Year 30 123.1+16.4
Diastolic BP (mmHg) Baseline 67.9+9.2
Year 30 76.3+10.4
Glucose (mg/dL ;mmol/L) Baseline 82.0 +8.6;4.55 +0.48
Year 30 107.7 +£34.1;5.98 + 1.89
Triglycerides (mg/dL; mmol/L) Baseline 71.5+43.4;0.81+0.49
Year 30 122.8 +128.9; 1.39 £ 1.46
HDL-Cholesterol (mg/dL; mmol/L) Baseline 52.6 +12.2; 1.36 + 0.32
Year 30 54.4+158;1.41+041
Medication Use n(%) Baseline 5 (0.5%)
Year 30 454 (46%)
Obesity Duration (years) 148+8.0
2.5-4.9 years n (%) 106 (10)
5-9.9 years n (%) 208 (21)
10-14.9 years n (%) 180 (18)
15-19.9 years n (%) 186 (19)
20-25 years 133 (13)
2 25 years 174 (18)
MHO duration (years) 7275
MHO duration (%) mean 50.5+42.8
0% n (%) 324 (33)
1-24.9% n (%) 55 (5)
25-49.9% n (%) 96 (10)

Int J Obes (Lond). Author manuscript; available in PMC 2019 September 05.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Camhi et al. Page 15
N 987
50-74.9% n (%) 136 (14)
75-99.9% n (%) 35 (3)
100% n (%) 341 (35)

+
unadjusted means + SD
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Prevalence of Obesity and MHO at each CARDIA exam cycle among participants who developed obesity

during at least one follow-up exam over 30 years follow-up.

Total Sample | Obese(n) pre,(;lbe?g(%) mHo (n) | MHO I(Doz)e;/alence
Year O 4520 0 0 0 0
Year 7 3537 276 7.8 213 7
Year 10 3446 343 10 243 71
Year 15 3212 534 16.6 341 64
Year 20 3141 667 21.2 344 52
Year 25 3096 790 255 374 47
Year 30 3015 864 28.7 420 49

*
Total sample includes any individual who was not identified as obese at baseline and had complete data for BMI, and cardiometabolic risk factors
(blood pressure, triglycerides, glucose and HDL-cholesterol).
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Frequencies of race and sex among obesity phenotypes in individuals who developed obesity over 30 years in

CARDIA (n=987).

Table 3.

) N African American | Female
Obesity Phenotype | (o, of Total Obese; % MHO) n (o) n 96"
341
Stable MHO 169 (50) 231 (68)
(34% obese; 52% MHO)
322
Transient MHO 198 (61) 191 (60)
(32% obese; 48% MHO)
; 324
Metabolically
Unhealthy Obesity 140 (43) 132 (41)

(32% obese; 0% MHO)

Stable: MHO duration = 100%; Transient: MHO duration 1-99%.

*
Chi squared test for comparison of obesity phenotypes by race: p<0.0001

N
Chi-squared test for comparison of obesity phenotypes by sex: p<0.0001
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