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Background—Nonalcoholic fatty liver disease (NAFLD), the most common cause of liver disease in children, is associated
with obesity and insulin resistance. However, the relationship between NAFLD and cardiovascular risk factors in
children is not fully understood. The objective of this study was to determine the association between NAFLD and the
presence of metabolic syndrome in overweight and obese children.

Methods and Results—This case-control study of 150 overweight children with biopsy-proven NAFLD and 150
overweight children without NAFLD compared rates of metabolic syndrome using Adult Treatment Panel III criteria.
Cases and controls were well matched in age, sex, and severity of obesity. Children with NAFLD had significantly
higher fasting glucose, insulin, total cholesterol, low-density lipoprotein cholesterol, triglycerides, systolic blood
pressure, and diastolic blood pressure than overweight and obese children without NAFLD. Subjects with NAFLD also
had significantly lower high-density lipoprotein cholesterol than controls. After adjustment for age, sex, race, ethnicity,
body mass index, and hyperinsulinemia, children with metabolic syndrome had 5.0 (95% confidence interval, 2.6 to 9.7)
times the odds of having NAFLD as overweight and obese children without metabolic syndrome.

Conclusions—NAFLD in overweight and obese children is strongly associated with multiple cardiovascular risk factors.
The identification of NAFLD in a child should prompt global counseling to address nutrition, physical activity, and
avoidance of smoking to prevent the development of cardiovascular disease and type 2 diabetes. (Circulation. 2008;
118:277-283.)
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Nonalcoholic fatty liver disease (NAFLD), characterized
by the accumulation of large droplets of triglycerides

within hepatocytes in the absence of chronic alcohol con-
sumption, is the most common cause of pediatric liver
disease.1 In adults, increasing evidence supports the hypoth-
esis that fat accumulation within organs such as the liver is a
major step in the development of insulin resistance. The
specific clinical entity of NAFLD is increasingly diagnosed
and has been proposed to be a component of metabolic
syndrome.2–5
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The metabolic syndrome is a clustering of risk factors
for the development of cardiovascular disease and type 2
diabetes mellitus.6 The key components of metabolic
syndrome are central obesity, atherogenic dyslipidemia,
impaired glucose tolerance, and elevated blood pressure.7

The underlying pathophysiology is believed to be resis-
tance to insulin-mediated glucose disposal and compensa-

tory hyperinsulinemia. Most children with features of
metabolic syndrome are obese.8 However, previous studies
suggest that only 10% to 30% of overweight or obese
children fulfill the criteria for metabolic syndrome.9 –12

Because the severity of obesity does not sufficiently
explain why some children do or do not have metabolic
syndrome, it is important to identify other factors that
explain this difference. The ectopic deposition of fat in the
liver may be 1 such factor.13

In children, NAFLD has been consistently associated with
obesity, insulin resistance, and hypertriglyceridemia. Thus, it
is logical to anticipate a relationship with metabolic syn-
drome. However, pediatric data in children with NAFLD are
limited regarding metabolic syndrome. Therefore, the objec-
tive of this study was to determine the association between
NAFLD and the presence of metabolic syndrome in over-
weight and obese children. Our hypothesis was that metabolic
syndrome increases the risk of NAFLD among overweight
and obese children.
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Methods
Study Design
We performed a case-control study of overweight and obese children
with and without NAFLD. An overweight and obese control group
was used because the vast majority of children with clinical NAFLD
also are overweight or obese.14 On the basis of the known differences
in the rates of pediatric NAFLD by gender,1,14,15 we choose a priori
to stipulate a 1:1 matching of boys and girls in both groups. To
minimize ambiguity in assignment as a case or control, inclusion
required a clinical determination of the presence or absence of
NAFLD. Subjects were ascertained from a prospective clinical
research database of children 5 to 17 years of age referred to a
pediatric gastroenterology clinic for obesity and/or suspected
NAFLD. The parent(s) of all subjects provided written informed
consent. Written assent was obtained for all subjects �7 years of age.
The protocol was approved by the institutional review boards of the
University of California, San Diego and Rady Children’s Hospital
San Diego.

Cases and Controls
Cases were children with biopsy-proven NAFLD. The diagnosis of
NAFLD was based on liver biopsy with �5% hepatocytes containing
macrovesicular fat16 and exclusion of other causes of chronic liver
disease, including hepatitis B (hepatitis B surface antigen), hepatitis
C (hepatitis C antibody), �-1 antitrypsin deficiency (serum �-1
antitrypsin level and histology), autoimmune hepatitis (antinuclear
antibody, anti-smooth muscle antibody, and histology), Wilson’s
disease (serum ceruloplasmin), drug toxicity, total parenteral nutri-
tion, and chronic alcohol intake (clinical history).

The control group comprised overweight and obese children
evaluated for weight management who were classified as not having
NAFLD. The absence of NAFLD was defined by the combination of
having normal alanine aminotransferase and aspartate aminotrans-
ferase and the absence of hepatomegaly.17–19 To improve the
negative predictive value of serum aminotransferase activity, we
used a more restrictive threshold than many prior pediatric studies;
thus, a value of �30 U/L was defined as normal.20 With this
combination of strategies, �80% to 90% of controls were expected
to be accurately classified as not having NAFLD.21–23

Clinical Data Collection
Age and sex were recorded. Each child’s race and ethnicity were
self-identified by the parent(s). Physical examination included mea-
surements of height, weight, waist circumference, systolic blood
pressure, and diastolic blood pressure. After 5 minutes of seated rest,
blood pressure was measured twice from the right arm of the seated
child with an automated sphygmomanometer with 1 minute of rest
between measurements. The average of the 2 measures was recorded.
Cuff sizes were selected so that the cuff bladder encircled at least
80% of the mid-upper arm per standard protocol.24 Subjects were
instructed to fast overnight for 12 hours before phlebotomy. Fasting
laboratory assays included glucose, insulin, total cholesterol, high-
density lipoprotein (HDL) cholesterol, low-density lipoprotein
(LDL) cholesterol, triglycerides, alanine aminotransferase, and as-
partate aminotransferase. Body mass index (BMI) was calculated as
weight (kg) divided by height (m) squared. Subjects were classified
as overweight (BMI between the 85th and 94th percentiles) or obese
(BMI above the 95th percentile).25

Definitions for Cardiovascular Risk Factors
and Metabolic Syndrome
Metabolic syndrome was defined as having �3 of the 5 factors with
the following cut points: abdominal obesity (waist circumference
�102 cm in boys and 88 cm in girls), high triglycerides
(�1.68 mmol/L [150 mg/dL]), low HDL cholesterol (�1.03 mmol/L
[40 mg/dL] for boys and �1.29 mmol/L [50 mg/dL] for girls),
elevated blood pressure (systolic blood pressure �135 mm Hg,

diastolic blood pressure �85 mm Hg), and impaired fasting glucose
(�5.6 mmol/L [100 mg/dL]).7 In addition to the components of
metabolic syndrome, hypercholesterolemia was assessed. The
thresholds used were total cholesterol �5.17 mmol/L (200 mg/dL)
and LDL cholesterol �3.36 mmol/L (130 mg/dL). Hyperinsulinemia
was defined as fasting insulin �20 U.26 Insulin resistance was
calculated from the homeostasis model assessment of insulin resis-
tance defined as follows: fasting insulin (�U/mL)�[fasting glucose
(mmol/L)/22.5].27

Data Analysis
Data are expressed as mean�SD or medians with interquartile
ranges. Continuous variables were analyzed with Student’s t test; the
Mann–Whitney U test was used for nonparametric measures. The
Pearson �2 test was used to test for differences in proportions. For
waist circumference, we tested the difference between groups with a
3-way ANCOVA adjusted for age and sex. To examine the associ-
ation between NAFLD and metabolic syndrome, a series of logistic
regression models were tested. The first model was a univariate
analysis with subsequent models controlling for sequential demo-
graphic and then biological confounders. These models adjusted for
age and sex (model 2), race and ethnicity (model 3), BMI (model 4),
and finally hyperinsulinemia (model 5). Significance was defined at
��0.05. Analyses were performed with SAS statistical software
(version 9.0, SAS Institute, Cary, NC).

In addition, sensitivity analyses were performed to test the effect
of misclassification of controls on the outcome of metabolic syn-
drome. A Monte Carlo simulation was performed with 1000 repli-
cations per model. We ran each replication with random assignment
of 10% and then 20% of the non-NAFLD group and put them into
the NAFLD group. To assess the best- and worst-case possibilities,
another sensitivity analysis determined the odds ratio for NAFLD
when a fixed portion of controls (20%) either uniformly with or
without metabolic syndrome were reclassified as cases.

The authors had full access to and take responsibility for the
integrity of the data. All authors have read and agree to the
manuscript as written.

Results
Demographics and Clinical Features
By design, there were equal numbers of boys and girls in the
groups with (n�150) and without (n�150) NAFLD. As
shown in Table 1, the groups also were similar in age and
severity of obesity. The mean age for all subjects was 12.7
years. Consistent with the epidemiology of pediatric obesity
and pediatric NAFLD, the distribution of race and ethnicity
was significantly (P�0.001) different between groups, with
more Hispanic and Asian children in the fatty liver group and
more white and black children in the control group. All
children were overweight, with 96% of subjects classified as
obese. Moreover, a majority of subjects in each group
(NAFLD, 57%; controls, 54%) had a BMI above the 99th
percentile. The distribution of total adiposity is shown in
Figure 1 and of central adiposity is shown in Figure 2.
There were no significant differences in mean or median
values between cases and controls for BMI z score or waist
circumference.

Cardiovascular Risk Factors: Absolute Values
Waist circumference was further evaluated with adjustments
for age and sex. Again, there was no significant difference
between children with and without NAFLD (Table 2). How-
ever, there were significant differences between groups for all
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of the other metabolic factors. Specifically, children with
NAFLD had higher glucose, insulin, systolic blood pressure,
diastolic blood pressure, total cholesterol, LDL cholesterol,
and triglycerides than obese children without NAFLD. Sub-
jects with NAFLD also had significantly lower HDL choles-
terol than controls.

Metabolic Syndrome and Liver Status
As shown in Table 3, when dichotomous cut points were
applied, children with NAFLD had a significantly higher
frequency of central obesity, dyslipidemia, hypercholesterol-
emia, elevated blood pressure, and impaired fasting glucose.
All children with NAFLD had at least 1 metabolic syndrome
factor. As shown in Figure 3, the distribution of metabolic

syndrome features in children with NAFLD was significantly
(P�0.001) shifted to the right, with more features present
than in obese children without NAFLD. Moreover, children
with NAFLD were significantly (P�0.001) more likely (50%
versus 15%) to have metabolic syndrome than obese children
without NAFLD.

The unadjusted odds ratio for children with metabolic
syndrome having NAFLD was 5.5 (95% confidence interval
[CI], 3.2 to 9.5; Table 4). After adjustment for age, sex, race,
ethnicity, BMI, and hyperinsulinemia, children with metabol-
ic syndrome had 5.0 (95% CI, 2.6 to 9.7) times the odds of
having NAFLD as overweight and obese children without
metabolic syndrome. In the fully adjusted model, the Monte

Table 1. Characteristics of Study Population by Liver Status

Characteristic
Normal Liver

(n�150)
NAFLD

(n�150) P

Age, mean (SD), y 12.8 (2.9) 12.5 (2.6) 0.25

Sex, n (%) · · ·

Boys 75 (50) 75 (50)

Girls 75 (50) 75 (50)

Race/ethnicity, n (%) �0.001

Black, non-Hispanic 31 (21) 6 (4)

Hispanic 67 (45) 99 (66)

White, non-Hispanic 45 (30) 30 (20)

Other, non-Hispanic 7 (5) 15 (10)

Weight, mean (SD), kg 89.3 (36.0) 85.2 (23.0) 0.24

Height, mean (SD), cm 157.5 (14.1) 157.7 (12.0) 0.85

BMI, kg/m2

Mean (SD) 35.0 (10.2) 33.8 (6.5) 0.24

z score, mean (SD) 2.36 (0.39) 2.36 (0.38) 0.55

Percentile, mean (SD) 98.7 (1.3) 98.5 (2.2) 0.55

Alanine aminotransferase,
mean (SD), U/L

20 (5) 87 (47) �0.001

Aspartate aminotransferase,
mean (SD), U/L

25 (8) 58 (31) �0.001
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Figure 1. Distribution of BMI z score among obese youth with
and without NAFLD. Lines and box represent the medians and
interquartile ranges.
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Figure 2. Distribution of waist circumference among obese
youth with and without NAFLD. Lines and boxes represent the
median and interquartile ranges.

Table 2. Cardiovascular Risk Factor Values by Liver Status in
Obese Children

Factor
Normal Liver

(n�150)
NAFLD

(n�150) P

Abdominal obesity

Waist circumference,
mean (SD), cm

104 (23) 106 (23) 0.127*

Dyslipidemia, mean (SD), mmol/L

Total cholesterol 4.34 (0.78) 4.68 (0.83) �0.001

LDL cholesterol 2.64 (0.7) 2.87 (0.77) 0.01

HDL cholesterol 1.11 (0.26) 1.01 (0.28) 0.003

Triglycerides, median (IQR)† 1.01 (0.57) 1.64 (0.85) �0.001

Hypertension, mean (SD), mm Hg

Systolic blood pressure 117 (13) 123 (12) 0.001

Diastolic blood pressure 66 (8) 68 (8) 0.02

Insulin resistance

Glucose, mean (SD), mmol/L 4.83 (0.49) 5.1 (1.22) 0.03

Insulin, median (IQR), pmol/L† 120 (114) 180 (138) �0.001

HOMA-IR, median (IQR)† 4.3 (4.5) 6.6 (5.4) �0.001

IQR indicates interquartile range; HOMA, homeostasis model assessment of
insulin resistance.

*Probability value of difference between groups when waist is controlled for
age and sex.

†Variables that were not normally distributed were tested with the Mann–
Whitney U test. Their medians and interquartile ranges (IQRs) were reported.
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Carlo simulation to control for misclassification using ran-
dom assignment yielded an odds ratios of 4.22 (95% CI, 4.18
to 4.25) for a 10% misclassification rate and 3.75 (95% CI,
3.70 to 3.79) for a 20% misclassification. In the sensitivity
analysis for the extreme scenarios in which 20% of controls
were falsely labeled as not having NAFLD and all of these
children had [162.17 (95% CI, 27.19 to �) or did not have
[3.01; 95% CI, 1.75 to 5.18) metabolic syndrome, the odds
ratios remain significant (P�0.001).

Discussion
We performed a case-control study in a large clinical sample
of overweight and obese children and adolescents with and
without NAFLD. Children with biopsy-proven NAFLD had
higher absolute values of cardiovascular risk markers and
were more likely to exceed dichotomous thresholds for
increased cardiovascular risk. In addition, after controlling
for established demographic and biological risk factors, we
found that overweight and obese children with metabolic

syndrome had greater odds of having NAFLD than over-
weight and obese children without metabolic syndrome.

These data substantially extend the knowledge base of
metabolic syndrome in children with NAFLD. In a cross-
sectional analysis of adolescents in the Korean National
Health and Nutrition Examination Survey, the odds of having
abnormal serum alanine aminotransferase activity were in-
creased by the presence of central obesity, elevated serum
triglycerides, or low HDL cholesterol levels.28 In a substudy
of 72 obese adolescents seen at the Yale Pediatric Obesity
Clinic, 14 of 23 subjects with fatty liver detected by magnetic
resonance imaging met modified adolescent criteria for met-
abolic syndrome.22 In contrast, only 11 of 49 subjects with a
hepatic fat fraction �5.5% met the modified criteria for
metabolic syndrome. The present study demonstrates that
obese children and adolescents with a definitive diagnosis of
NAFLD have a more severe cardiovascular risk profile than
age-, sex-, and BMI-matched peers. In adults, hepatic steato-
sis has been shown to be associated with hepatic insulin
resistance and features of metabolic syndrome independently
of the amount of visceral adipose tissue.29,30 Taken together,
these data illustrate that fat accumulation in the liver may
play a more important role than obesity itself in determining
the risk for “weight-related” metabolic comorbidities. Thus,
in children and adolescents, NAFLD may serve as a marker to
stratify the cardiovascular risk of overweight and obese
patients.

In a study of Japanese university students �8 years older
than our study population, those with liver ultrasonography
consistent with fatty liver had increased arterial stiffness as
measured by ankle brachial pulse-wave velocity compared
with students without evidence of fatty liver.31 Similarly, in
young obese Italian children, those with liver ultrasonography
consistent with fatty liver had greater carotid artery intima-
media thickness than those with normal liver ultrasonogra-
phy.32 The belief that NAFLD is associated with cardiovas-
cular disease is further supported by epidemiological data on
cardiovascular morbidity in adults. Among 129 adults with
biopsy-proven NAFLD, survival was lower than in a matched
reference population mainly because of higher mortality from
cardiovascular disease.33 Targher and colleagues34 observed
that adults with type 2 diabetes and ultrasound evidence of
NAFLD had a significantly increased incidence of cardiovas-
cular events compared with controls with diabetes and with-

Table 4. Logistic Regression Model for NAFLD in Obese
Children With and Without Metabolic Syndrome

Model Odds Ratio 95% CI P

1 5.5 3.2–9.5 �0.001

2 7.4 4.1–13.6 �0.001

3 6.8 3.6–12.6 �0.001

4 6.8 3.7–12.7 �0.001

5 5.0 2.6–9.7 �0.001

Children with metabolic syndrome vs the reference group of obese children
without metabolic syndrome.

Model 1, NAFLD, unadjusted. Model 2, model 1 with correction for age and sex.
Model 3, model 2 with correction for race and ethnicity, Model 4, model 3 with
correction for BMI. Model 5, model 4 with correction for hyperinsulinemia.

Table 3. Prevalence of Metabolic Factors by Liver Status in
Obese Children

Factor
Normal Liver

(n�150)
NAFLD

(n�150) P

Abdominal obesity

Waist circumference �102 cm boys,
�88 cm girls, %

60 74 0.010

Dyslipidemia

Total cholesterol �5.17 mmol/L, % 14 26 0.009

LDL �3.36 mmol/L, % 13 23 0.016

HDL �1.03 mmol/L boys,
�1.29 mmol/L girls, %

55 72 0.002

Triglycerides �1.68 mmol/L, % 12 46 �0.001

Elevated blood pressure

SBP �130 and/or DBP
85 mm Hg, %

16 32 0.001

Impaired fasting glucose

Glucose �5.6 mmol/L, % 3 19 �0.001

Metabolic syndrome, % 15 50 �0.001

SBP indicates systolic blood pressure; DBP, diastolic blood pressure.

Figure 3. Distribution of features of metabolic syndrome in
obese youth with and without NAFLD. Children with NAFLD
have significantly (P�0.001) more features.
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out NAFLD. Thus, we believe that children with NAFLD are
likely to be a high-risk group for future cardiovascular events,
but it remains to be determined whether NAFLD or metabolic
syndrome confers additional risk beyond traditional cardio-
vascular risk factors.

The identification of NAFLD in a child should prompt
consideration of cardiovascular health. Global counseling
should address nutrition, physical activity, and avoidance of
smoking. There are insufficient data on the use of medica-
tions in this population. However, there are many potential
targets for medication, and future studies need to address the
desirability of addressing individual problems such as hyper-
tension pharmacologically versus targeting a broader issue
such as obesity or insulin resistance. Many children with
NAFLD, if unable to achieve sufficient improvement via
lifestyle modification, will likely receive pharmacotherapy
for such comorbidities as hypertension or dyslipidemia.
However, it is not clear whether these treatments have a
beneficial, neutral, or deleterious effect on the natural history
of NAFLD.

Fatty liver also may prove to be a mediator of metabolic
syndrome. In the liver, fatty acids may be either oxidized
or esterified to form triglycerides, which are then either
stored in the cytosol or secreted in very-low-density
lipoprotein.35 The intracellular triglyceride storage depot
likely serves as a temporary buffer for potentially toxic
free fatty acids when their delivery to the liver exceeds its
oxidative and very-low-density lipoprotein secretory ca-
pacity.36 The expanded liver fatty acid pool leads to
increased mitochondrial and peroxisomal �-oxidation,
which produces reactive oxygen species. This may, in turn,
promote both a local proinflammatory state leading to
progressive liver injury and the release of proinflamma-
tory cytokines, which stimulate production of suppressors
of cytokine signaling proteins. An increase in suppressors
of cytokine signaling-3 in the liver leads to persistent
hyperinsulinemia, which further exacerbates insulin resis-
tance.37 Hyperinsulinemia stimulates the transcription fac-
tor sterol regulatory element-binding protein-1c,38 which
leads to activation of lipogenic genes and a decrease in
fatty oxidation. Additional overproduction of fatty acid
and continued lipotoxicity result in further insulin resis-
tance, creating a vicious cycle. Fatty liver also leads to
hepatic insulin resistance by stimulating gluconeogenesis
and activating protein kinase C and Jun N-terminal kinase
1, which may interfere with tyrosine phosphorylation of
IRS-1 and IRS-2 and impair the ability of insulin to
activate glycogen synthase.39 Thus, fatty liver contributes
to the dysregulation of both glucose and lipid metabolism.

The development of NAFLD in children may precede
the development of type 2 diabetes mellitus. At the time of
diagnosis, �8% to 10% of children with NAFLD have
diabetes.5,40 In contrast, by the time type 2 diabetes
mellitus is diagnosed in children, approximately one half
have suspected fatty liver because of elevated alanine
aminotransferase.41 Hepatocyte triglyceride storage causes
acquired insulin signaling defects, leading to insulin resis-
tance, glucose intolerance, and type 2 diabetes mellitus.42

The high rates of overweight, insulin-resistant children

with NAFLD meeting the criteria for metabolic syndrome
suggest that a large number of these children will go on to
develop diabetes. This belief is supported by a cohort study
from Sweden of adults with biopsy-proven NAFLD who
had a 9% prevalence of diabetes at baseline.33 After nearly
14 years of follow-up, the majority (78%) of these patients
developed impaired glucose tolerance or diabetes.

The strengths of the present study were the large series of
biopsy-proven pediatric NAFLD and the use of a control
group that was well matched for age, gender, and severity of
obesity. The control group met a clinically accepted standard
for the absence of NAFLD. The limitations of the study
included the likely misclassification of some subjects having
NAFLD as normal controls. We conducted sensitivity anal-
yses to account for misclassification rates of 10% and 20%
and found that the association between metabolic syndrome
and NAFLD remained strong. The cross-sectional nature of
the study allowed only association rather than causation.
Moreover, these data cannot be used to determine the timing
of development of metabolic syndrome in children with
NAFLD. Although subjects were well matched for gender
and age, it is possible that some difference in insulin
sensitivity between cases and controls could have been
attributable to differences in Tanner stage, which was not
assessed. In addition, it is not clear to what extent these
data are generalizable to overweight black children be-
cause they are known to have high rates of diabetes yet low
rates of NAFLD.1,43 Finally, many issues regarding the
definition and significance of metabolic syndrome in
children and adolescents remain unresolved. The true risk
of pediatric NAFLD for cardiovascular events can be
determined only by long-term longitudinal cohort studies
with detailed baseline characterization and clinically rele-
vant end points.

Conclusions
NAFLD in overweight and obese children was strongly
associated with metabolic syndrome. The association was
independent of both BMI and hyperinsulinemia. For chil-
dren with NAFLD, a goal must be the prevention of
end-stage liver disease. In addition, children with NAFLD
may be at a higher risk for cardiovascular disease than
children without NAFLD. These data should be used to
increase awareness of this subset of overweight and obese
children and to guide future studies aimed at elucidating
natural history and treatment. Such studies will help to
further define the role of fatty liver as a marker or possible
mediator of risk for cardiovascular events.
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CLINICAL PERSPECTIVE
There are �10 million obese children in the United States. Obese children differ in their risk for cardiovascular disease,
which may be underappreciated in part because specific comorbidities are typically the focus of different disciplines such
as cardiology, endocrinology, gastroenterology, or nephrology. When working with an obese child, one should consider
how any single abnormality may interact with another. Metabolic syndrome is a clustering of risk factors for the
development of cardiovascular disease and type 2 diabetes mellitus. Nonalcoholic fatty liver disease (NAFLD) is a
common cause of chronic liver disease in children. Both metabolic syndrome and NAFLD are associated with obesity. We
performed a case-control study in a large clinical sample of overweight and obese children and adolescents with and
without NAFLD. NAFLD was strongly associated with metabolic syndrome. The association was independent of both
body mass index and hyperinsulinemia. Thus, when one detects features of metabolic syndrome in an obese child, one must
be aware of the risk for NAFLD. Similarly, the presence of NAFLD may serve to stratify risk. The identification of NAFLD
in a child should prompt consideration of cardiovascular health. Global counseling should address nutrition, physical
activity, and avoidance of smoking. In an integrated model of disease management, therapeutic goals for NAFLD should
include not only the prevention of end-stage liver disease but also the prevention of cardiovascular disease and diabetes.
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