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Abstract

Purpose—To identify population groups that are most susceptible to obesity-related health
conditions at young age.

Methods—~For this population-based cross-sectional study, measured weight and height,
diagnosis, laboratory, and drug prescription information were extracted from electronic medical
records of 1,819,205 patients aged 20-39 years enrolled in two integrated health plans in
California 2007-2009.

Results—Overall, 29.9% of young adults were obese. Extreme obesity (BMI > 40 kg/m?2) was
observed in 6.1% of women and 4.5% of men. The adjusted relative risk for diabetes,
hypertension, dyslipidemia, and the metabolic syndrome increased sharply for those individuals
with a BMI = 40, with the sharpest increase in the adjusted relative risk for hypertension and
metabolic syndrome. The association between weight class and dyslipidemia, hypertension and
metabolic syndrome but not diabetes was stronger among 20.0-29.9 year olds compared to 30.0—
39.9 year olds (p for interaction: <0.05). For example, compared to their normal weight
counterparts of the same age group, young adults with a BMI of 40.0-49.9, 50.0-59.9, and =60
kg/m? had a relative risk for hypertension of 11.73, 19.88, and 30.47 (95%-CI 26.39-35.17) at age
20-29 years, and 9.31, 12.41, and 15.43 (95%-Cl 14.32-16.63) at age 30-39 years.

Conclusion—While older individuals were more likely to be extremely obese, the association
between obesity-related health conditions was stronger in younger individuals. Hispanics and
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also more likely to be obese, including extreme obesity, putting them at an elevated

risk for premature cardiovascular disease and some cancers relative to non-Hispanic whites.
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INTRODUCTION

METHODS

It is estimated that there are nearly 5 million young adults (6%) with extreme obesity (BMI
> 40 kg/m?) in the U.S. (1). Young adults with extreme obesity experience serious chronic
diseases that normally occur in much older adults. These diseases include diabetes,
dyslipidemia, and hypertension, each potentially leading to premature disability and death
with enormous costs to the individual and the society (2-5). For the first time in two
centuries, life expectancy may decline due to the rapidly increasing prevalence of obesity

(6).

The prevalence of obesity and obesity-related chronic health conditions vary by sex, age
group, and race/ethnicity (4, 7, 8). To understand the health consequences of obesity,
especially extreme obesity in young adults, will be critical to identify populations at highest
risk that may benefit from surveillance programs and prevention strategies (9). However,
limited information exists regarding the health consequences of obesity, especially of
extreme obesity in young adults. Most population-based studies combine younger and older
adults and have limited information regarding obesity class 3 and higher (Body mass index,
BMI = 40 kg/m2). Young adults represent a distinctive age group that may experience
obesity-related health risks that differ from those observed in older adults, as shown for
ischemic heart disease (10).

The overall goal of the present cross-sectional study is to address several knowledge gaps
regarding the consequences of obesity in young adults. First, we investigated the prevalence
of obesity including obesity class 3 and higher in young adults and how it differed for
defined population subgroups. Second, we investigated the prevalence of the consequences
of obesity such as diabetes, dyslipidemia, hypertension, and the metabolic syndrome and
how they differed for defined population subgroups. The current study was conducted within
the framework of the National Cancer Institute (NCI)-funded Cancer Research Network
(CRN), and a consortium of 14 health care organizations that participate in innovative
population-based cancer research (11). The CRN focuses on cultivating multi-site
collaborative efforts that address knowledge gaps in cancer-related research ranging from
health care delivery and utilization to epidemiology of cancer and other associated health
conditions.

Study setting, design, and subjects

Two Cancer Research Network (CRN) sites participated in this project. The Northern and
Southern California Divisions of Kaiser Permanente (KPNC and KPSC, respectively),
jointly provided medical coverage for approximately 6.3 million members as of Dec. 315t
2009. From these more than 6 million KPNC and KPSC health plan current members, we
identified 2,285,278 young adults aged 20-39 years who were members and had at least one
medical encounter between January 1, 2007 and December 31, 2009. After excluding
members with missing BMI or sex information (n=355,808) and pregnant women
(n=110,265), the final analytic population comprised of 1,819,205 young adults that were
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used for the present cross-sectional analysis. The study population covers 84.4% of KP
California members aged 20-39 years and represents about 18.2% of the State of California
population in this age group. The study protocol was approved by the Institutional Review
Boards (IRB) of KPNC and KPSC.

Body mass Index (BMI)

Based on a validation study including data from over 21 million medical encounters from
2.4 million adults and a manual review of 35,000 medical encounters from 1,026 adults, we
removed biologically implausible values for weight and height. For this study an approach
combining descriptive analysis of data distribution with stepwise manual review of medical
charts was chosen to determine thresholds. Briefly, a height <4 feet or = 7 feet, 2 inches was
considered implausible and excluded from the analysis. Weight data were excluded if weight
was <30 Ibs or >1000 Ibs. Because implausible combinations of weight and height may be
missed by the procedures described above, we additionally excluded BMI values <5 kg/m?
or 2100 kg/m? as implausible. The overall error rate before cleaning was <1% of all
encounters.

BMI was calculated using the first plausible height and weight measurements in KP’s
electronic health record system between January 15t 2007 and December 315t 2009 as weight
(kg) divided by the square of height (m2). The first BMI available after January 15t 2007 was
used to assemble and characterize this population as only limited weight and height data
were available in the KP electronic medical records before this date.

Obesity-related health conditions

Electronic health records were used to obtain the measurements of obesity-related health
conditions of interest: Type-2 diabetes mellitus, dyslipidemia, hypertension, and the
metabolic syndrome. Algorithms were developed to extract the various outcome measures
from the electronic health record system. The algorithms were created based on the
definitions of the selected health outcomes. Electronic laboratory data, pharmacy data, and
diagnosis data were used to obtain the assorted measures. Records were searched between
the dates January 15!, 2007 and December 315t, 2009. However, no information was used
that preceded the date of study enrollment (first BMI measurement).

Type-2 diabetes mellitus was defined as (1) elevated glucose levels (fasting glucose >126
mg/dL or random glucose > 200 mg/dL) measured on two separate occasions; (2) elevated
HbA1C (>7.0%); (3) two or more outpatient visits with ICD-codes (250.XX) for diabetes
mellitus; (4) one or more diabetes-related hospital discharge codes; or (5) one or more fills
for oral or injected diabetes-specific medications excluding Metformin or any
Thiazolidinedione if no other criterion was met. Patients who were pregnant during the
enrollment period were only considered diabetic if they met the criterion outside of the
pregnancy time period.

Dyslipidemia was defined as (1) at least one prescription for lipid-lowering medication plus
an outpatient diagnosis of dyslipidemia (ICD-9 272.0-272.4); (2) at least two outpatient
diagnoses of dyslipidemia; (3) at least one prescription for lipid-lowering medication plus at
least one elevated LDL cholesterol (=160 mg/dL); or (4) at least one outpatient diagnosis of
dyslipidemia plus at least one elevated LDL cholesterol.

Hypertension was defined as: (1) at least one prescription for an antihypertensive medication
plus an outpatient diagnosis of hypertension (ICD-9 401-404); (2) at least two outpatient
diagnoses of hypertension; (3) at least one prescription for an antihypertensive medication
plus at least one elevated outpatient blood pressure reading (=140 mm Hg [systolic] or =90
mm Hg [diastolic]); or (4) at least one outpatient diagnosis of hypertension plus at least one
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blood pressure reading of =140 mm Hg (systolic) or = 90 mm Hg (diastolic) when no
indication of a body temperature =100.4 F degrees on the day of the measurement was
present.

Metabolic syndrome was defined by three or more of the following health conditions: (1)
BMI =30 kg/m?; (2) any triglycerides =150 mg/dL; (3) any HDL <40 mg/dL for men and
<50 mg/dL for women; (4) at least one elevated glucose value (fasting glucose >126 mg/dL
or random glucose = 200 mg/dL); (5) any existing diabetes diagnosis; (6) if hypertension
criterion was met (12).

Demographic information

All demographic information such as age, sex, and race/ethnicity was retrieved from
administrative health records. Individual member’s education and household income were
not available from electronic medical records. As measures of socioeconomic status, we
used neighborhood household income and neighborhood education through linkage of a
member’s address with U.S. census track information via geocoding (13) which have to be
interpreted as area-based measures of socioeconomic status. Therefore, these measures do
not necessarily reflect each individual’s income or education but have been shown to be
strongly associated with disparities in obesity rates (14). Neighborhood household income
was classified as likelihood of an individual’s household income of < $15,000, $15,000 to
$34,999, $35,000 to $49,999, $50,000 to $74,999, $75,000 to $99,999, $100,000 to
$149,999, $150,000 or more. Neighborhood education was categorized as and individual’s
likelihood of an education less than high school, high school, some college or associate
degree, or Bachelor degree or higher.

Statistical analysis

RESULTS

Weight class was defined as follows: underweight (<18.5 kg/m#), normal weight (18.5 —
24.9 kg/m?), overweight (25-29.9 kg/m?2); moderate obesity stratified as class 1 (30.0-34.9
kg/m?2) and class 2 (35.0-39.9 kg/m?); and extreme obesity stratified as class 3 (40.0-49.9
kg/m?), class 4 (50.0-59.9 kg/m?), and class 5 (= 60 kg/m?).

Log-binomial regression models were used to estimate the association between weight class
(BMI <18.5 kg/m?, 18.5-24.9 kg/m?=reference, 25.0-29.9 kg/m?2, 30.0-34.9 kg/m?, 35.0-
39.9 kg/m?, 40.0-49.9 kg/m?, 50.0-59.9 kg/m?, 260 kg/m?) and health conditions of
interest. Covariates included in the models included sex, age group (20.0-24.9 years=
reference, 25.0-29.9 years, 30.0-34.9 years, 35.0-39.9 years), mutually-exclusive race/
ethnicity categories (non-Hispanic White=reference, Hispanic, Black, Asian/Pacific
islanders, Others, Unknown), likelihood of education less than 9™ grade, and likelihood of
household income below $10,000 simultaneously. The associations were expressed as
relative risk (RR) and their corresponding 95% confidence intervals (CI). In order to assess
whether, and to what extent the relationship between weight class and health conditions was
modified by age group, we tested for interaction between age group and weight class in
models adjusted for the covariates listed above. Based on these models, we report adjusted
RR for all health conditions stratified by age group. All analyses were conducted using SAS
release 9.1 (SAS Institute, Cary, NC).

A total of 1,819,205 young adults were included in this cross-sectional analysis. Racial/
ethnic minorities constituted about 50% of the study population and were mostly of Hispanic
origin (Table 1). Demographics characteristics were comparable between men and women
with the exception that women were slightly younger than men.
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Prevalence of Overweight, Obesity, and Extreme Obesity

Overall, 61.5% of young adults had a BMI = 25.0 kg/m?2, with 31.6% of young adults
classified as overweight, and 29.9% classified as obese (class 1 to 5, Table 2). The
prevalence of overweight or obesity was higher in men than in women (71.7% and 53.1%
respectively). Obesity was prevalent in 32.9% of men and 27.4% of women (class 1 to 5).
Conversely, extreme obesity (classes 3 to 5) affected a higher percentage of women (6.1%)
compared to men (4.5%). Overweight and obesity prevalence increased with age; 79.2% of
men and 60.0% of women aged 30.0-39.9 years were overweight or obese compared to
63.6% of men and 46.9% of women in the group of 20.0-29.9 years olds. The prevalence of
extreme obesity increased from 3.9% in the age group of 20 to 25 years of age to 6.1% in the
group of 35 to 39 years of age. While Hispanic young adults have the highest overall
prevalence of overweight and obesity, Black young adults had the highest prevalence of
extreme obesity class 3-5. Asian/Pacific Islanders had the lowest prevalence of overweight,
obesity, and extreme obesity.

Prevalence of Diabetes, Dyslipidemia, Hypertension, and the Metabolic Syndrome

Overall, men had higher adjusted RR for diabetes, dyslipidemia, hypertension, and the
metabolic syndrome than women. This finding was consistent for adults aged 20 to 29 years
and 30 to 39 years. The adjusted odd ratios for any of these health conditions increased with
age and varied slightly by race and ethnicity. The most striking difference in prevalence of
these health conditions among racial/ethnic groups was observed in the for hypertension,
which was highest in Black young adults, especially those aged 30.0-39.9 years of age, with
13.1% having hypertension compared to 5.0% of non-Hispanic Whites.

The adjusted RR of diabetes, dyslipidemia, hypertension and metabolic syndrome increased
with increasing weight class. The adjusted RR of these health conditions increased sharply
for those individuals with a BMI =40, with the sharpest increase in the adjusted RR for
hypertension and metabolic syndrome. The association between weight class and obesity-
related health conditions such as dyslipidemia, hypertension and metabolic syndrome was
modified by age with a stronger association among 20.0-29.9 year olds compared to 30.0—
39.9 year olds (p for interaction by age <0.001 for dyslipidemia, hypertension, and
metabolic syndrome). For diabetes, however, the association with obesity was slightly
stronger among 30.0-39.9 year olds than among 20.0-29.9 year olds.

DISCUSSION

This study was consistent with previous findings showing a high prevalence of overweight
and obesity in young adults in the U.S., with over 30% of the population in KP having a
BMI of 30 kg/m? or greater. With the large study population and availability of clinical data,
a key finding of this population-based cross-sectional study of almost two million young
adults is that the risk for obesity-related health conditions increases disproportionately in
individuals who are extremely obese with a BMI > 40 kg/m2. But while the prevalence of
extreme obesity was higher in older individuals, the association between obesity and
obesity-related health conditions was stronger in younger individuals.

Between 1980 and 2008, the prevalence of obesity (BMI = 30 kg/m2) among U.S. adults
more than doubled from 15% to approximately 34% (1, 7, 15) although it may have
stabilized in recent years at this alarming rate (1). Additional reports based on the NHANES
indicate that about 28% to 34% of young adults aged 20 to 39 years are classified as obese,
with approximately 5% of the surveyed population categorized as extremely obese (BMI =
40 kg/m?2) (1, 7, 16, 17). These estimates are comparable to the present study with 5.4% of
young adults classified as extremely obese.
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Consistent with the present study, the prevalence of obesity varied markedly by sex.
Previous studies identified differences in the prevalence of obesity among different adult
population subgroups. Nationwide, more men (63%) than women (55%) are at least
overweight (16, 18). However, obesity is more prevalent among women (27%) than among
men (21%) (18). The proportion of extremely obese individuals is more than double in
women (8.0%) than men (3.1%) (7). Studies focusing on young adults are scant. Recent
studies estimated that approximately 7% of women between 20 and 39 years are extremely
obese (1). The present study suggests that 4.5% of men and 6.1% of women aged 20-39
years are extremely obese, with 3.9% of men and 5.0% of women in the group of 20-29
year olds compared to 5.0% of men and 7.2% of women in the group of 30-39 year olds.

Consistent with other studies, the prevalence of obesity varied by race/ethnicity. Blacks have
the highest prevalence of obesity, reaching rates as high as 50% in Black women (4, 18).
Nationwide, obesity class 2 and 3 are most frequent in Black women with approximately
11% and 8% respectively (18). Based on the NHANES 2003-2004, Black women aged 20—
39 years have the highest prevalence of extreme obesity with 15.7%, followed by Mexican-
American women at 8.6 %, Black men at 7.1%, White women at 6.4%, White men at 3.2%
and Mexican-American men at 1.9% (7).

Obesity is a known risk factor for diabetes (3, 4, 16, 19-22), dyslipidemia (16), hypertension
(16, 23), and metabolic syndrome (16, 24-27). Past reports identified individuals with a
BMI > 40 kg/m? as the weight class group with the highest prevalence of hypertension (52.3
%), diabetes (14.2 %), and metabolic syndrome (39.2%); while individuals with a BMI of
30-39 kg/m? had the highest prevalence rate of dyslipidemia (20.6%). Adults aged 18-29
years with a BMI 240 kg/m? had the following prevalence rates: hypertension (19.8%),
diabetes (0.8%), dyslipidemia (18.2%) and metabolic syndrome (14.9%) (16). Adults aged
30-49 years with a BMI 240 kg/m? had the following prevalence rates: hypertension
(47.2%), diabetes (10.8%), dyslipidemia (14.3%) and metabolic syndrome (31.8%).
Although dyslipidemia was more prevalent in obese persons compared to normal weight
individuals, the prevalence did not increase with increasing weight class beyond the group
of individuals with a BMI of 30.0-34.9 kg/m? in that study (18). In contrast, a study on the
association of hypertension, diabetes, dyslipidemia and metabolic syndrome with obesity
from NHANES 1999 to 2004 determined that the odds of chronic health conditions
increased as BMI increased. The findings indicated that the prevalence of diabetes was more
than five times higher in individuals with a BMI =40 kg/m? compared to normal weight
individuals (16). Additionally, the study found that individuals with a BMI 240 kg/m? were
more than twice as likely as normal weight individuals to have a diagnosis of hypertension,
dyslipidemia or metabolic syndrome (16). Similar to some but not all previous reports,
findings of our study the prevalence of related-health conditions including dyslipidemia
incline steadily with increasing BMI. Young adults with a BMI 260 kg/m?2 showed the
highest prevalence of obesity-related health conditions.

Findings from NHANES 1999-2004 suggested that the association between obesity and
some adverse health outcomes was stronger in adults aged 18 to 29 years than in adults aged
30-49 years and =50 years (16). In that study, the difference in the prevalence of
hypertension, dyslipidemia and metabolic syndrome between normal weight and obese
adults was most pronounced in the younger age group while the difference was lowest in the
oldest age group (=50 years) (16). In contrast, the prevalence difference of diabetes between
normal weight and obese adults was higher in 30-49 year old adults than in 18-29 year old
adults (16). This is consistent with findings from our study suggesting that young adults
aged 20 to 29 years who are extremely obese are more likely to have hypertension,
dyslipidemia and metabolic syndrome than 30 to 39 years olds when compared to their
normal weight counterparts of the same age — even though the absolute prevalence was
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higher in older adults than in younger adults. This, however, was not observed for diabetes
where the relative risks for very obese individuals was comparable for 20-29 year olds and
30 to 39 years olds compared to their normal weight counterparts of the same age.

Our study benefited from an extremely large multi-ethnic population, using data from two
large integrated health care delivery systems. These populations represent over 18% of
young adults in California. The large population notwithstanding, it is possible that there is a
bias in ascertainment of BMI, as these were obtained from electronic medical records. Those
individuals who are more likely to seek medical care may also be more overweight or obese,
and the prevalence estimates may therefore be overestimated. This is a likely explanation for
the larger proportion of women in the study population, as women are likely to undergo
more routine care in this age group due to prenatal and postnatal care, and recommended
screenings, such as for pap smears. However, height and weight are recorded routinely for
the vast majority of visits and not just those related to weight-related health conditions, and
the prevalence estimates were similar to those from other studies as described above, albeit
with smaller populations. Because of routine recording of height and weight, it is also
unlikely that the relative risks observed for the association of BMI and various health
conditions are biased due to the health care setting.

In our definition of the metabolic syndrome, BMI >30 kg/m? (28) had to be used instead of
waist circumference which is a better estimate of intra-abdominal visceral adipose tissue and
worsened cardiovascular outcomes (12). The inclusion of BMI in the definition of the
metabolic may result in an overestimation of relative risks for weight classes.

Because of the cross-sectional design of this study, our findings should be interpreted with
care. Both exposure and outcome have been assessed at approximately the same time period,
and therefore, no inferences pertaining to causality can be made directly from the
observations in this study. Moreover, biological relevance of the differences between groups
has to be considered. However, several mechanisms have been suggested to explain the
association between obesity and diabetes, dyslipidemia, hypertension and the metabolic
syndrome. Obesity is an established risk factor for these health conditions in adults and one
of the possible features of the metabolic syndrome (12). Obesity is considered a chronic
low-grade inflammatory state and is associated with adypocyte dysfunction which leads to
abnormalities in lipid metabolism (29). Chronic inflammation is also often cited as key
etiologic factor in the development of the metabolic syndrome (30), insulin resistance and
diabetes (31), dyslipidemia (32), and hypertension (33-36).

In conclusion, the current study indicates that the impact of extreme obesity on various
health conditions known to be associated with adiposity is higher in the younger age group.
Hispanics and Blacks are also more likely to be obese, including extreme obesity, putting
them at an elevated risk for premature cardiovascular disease and some cancers relative to
non-Hispanic whites. Given the marked elevated associations with increasing obesity class
for the health conditions examined in this study, greater attention may need to be directed at
preventive screening recommendations and treatment decisions among the extremely obese
for these aggravated health conditions.
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