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ABSTRACT

OBJECTIVE.To evaluate the prevalence of risk factors that are associated with the
metabolic syndrome and insulin resistance in overweight youth and to determine
the effect of a short-term, family-centered, lifestyle intervention on various asso-
ciated anthropometric and metabolic measures.

METHODS. Overweight youth who were between 8 and 16 years of age participated
in a 12-week, family-centered, lifestyle intervention program. Anthropometric
and metabolic measures were assessed before the program in all participants (n =
109) and after the program in a subset of the participants (7 = 43).

RESULTS. At baseline, 49.5% of youth had multiple risk factors associated with the
metabolic syndrome, based on a modified definition of the National Cholesterol
Education Program, and 10% had impaired fasting glucose and/or impaired glu-
cose tolerance. Measures of insulin resistance correlated significantly with the risk
factors of the metabolic syndrome. Forty-three youth had pre- and postinterven-
tion evaluations that showed statistically significant improvements in body mass
index, systolic blood pressure, lipids (total, low-density lipoprotein cholesterol,
and triglycerides), postprandial glucose, and leptin levels.

CONCLUSION. Overweight youth have multiple risk factors associated with the meta-
bolic syndrome. A 12-week lifestyle program may have a positive effect on
reducing risk factors for the metabolic syndrome and insulin resistance in over-
weight youth.
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THE PREVALENCE OF obesity and type 2 diabetes has
increased dramatically in both adults and youth in
the past 25 years. The number of youth who are over-
weight, defined as a BMI >95th percentile for age and
gender, tripled between 1975 and 2000 to a prevalence
of 15%.! Sinha et al2 documented impaired glucose tol-
erance (IGT) in 25% of prepubertal and 21% of postpu-
bertal overweight youth. Although they found that 4%
of their cohort had silent diabetes, reports from other
pediatric diabetes centers indicate that type 2 diabetes
now accounts for between 8% and 45% of new-onset
cases of diabetes in youth.?

In addition to this increase in incidence of IGT and
type 2 diabetes, there has been an increase in the num-
ber of youth who have multiple risk factors for the
metabolic syndrome. Using criteria similar to those pro-
posed for adults by the National Cholesterol Education
Program (NCEP) or Adult Treatment Panel IIL,* Cook et
al’> determined the prevalence of the metabolic syn-
drome in pediatric subjects from the Third National
Health and Nutrition Examination Survey (NHANES III)
using the following criteria: abnormalities of waist cir-
cumference, blood pressure (BP), triglycerides (TG), and
high density lipoprotein (HDL) on the basis of age-ad-
justed normative data, along with the presence of IGT.
NHANES IIT (1988-1994), which evaluated 2430 ado-
lescents from 12 to 19 years of age, found an overall
prevalence of the metabolic syndrome of 4.2%; this
increased to 28% in the overweight (BMI >95th per-
centile) cohort.> More recent data from NHANES (1999 -
2000), which evaluated 991 adolescents, showed an in-
crease in the prevalence of the metabolic syndrome in
overweight youth to 32.1%.¢ This high prevalence of the
metabolic syndrome in overweight youth has been con-
firmed by others. Cruz et al” found that 30% of over-
weight Hispanic youth who had a family history of type
2 diabetes had the metabolic syndrome, and Weiss et al®
reported an even higher percentage in 50% of their
overweight young subjects. Both obesity and insulin
resistance (IR) are independently associated with the
metabolic syndrome in youth.*!° Although the impact of
the metabolic syndrome on disease outcomes in children
has not yet been investigated directly, its clear relation-
ship to obesity and IR increases the risk for diabetes, as
well as other comorbidities, such as early atherosclerosis,
hypercoagulation, polycystic ovarian syndrome, and
fatty liver."!

Lifestyle programs that are designed to modify nutri-
tion and physical activity patterns have been developed
to reduce obesity and its associated comorbidities, in-
cluding the metabolic syndrome, in youth. The rationale
for these programs includes the Diabetes Prevention Pro-
gram,'2 as well as pediatric studies such as that reported
by Brage et al,’*> who showed an association between
decreased physical activity and criteria for the metabolic
syndrome, including IR and dyslipidemia, in overweight
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youth. In the current study, we evaluated the prevalence
of risk factors for the metabolic syndrome, as well as IR,
in an overweight pediatric population and the effects of
a clinic-based, 12-week family-centered lifestyle inter-
vention program on these measures.

METHODS

Lifestyle Intervention Program

The lifestyle intervention program, Kids N Fitness
(KNF), that was used in this study was developed at
Childrens Hospital Los Angeles in 2000. The initial ob-
jective was to alter eating and exercise patterns in youth
for the purpose of weight management. After pilot test-
ing showed a significant decrease in weight gain velocity
in participants of KNF,'* the program was offered to
children who were 8 to 16 years of age and were accom-
panied by a parent or a guardian. The program consisted
of 12 consecutive weekly sessions, each of 90 minutes’
duration, and was offered to the youth free of charge.
The personnel who were involved in the program in-
cluded 2 physicians, 4 dietitians, and 1 social worker.
The initial 45-minute period of each session involved a
concurrent exercise program for the youth and a stan-
dardized education session for parents, led by physicians,
dietitians, and social workers. During the exercise ses-
sions, children participated in dodge ball, volleyball,
jumping rope, and running to promote moderate to
vigorous cardiovascular physical activity. This was si-
multaneous with an education session for parents that
covered topics regarding comorbidities of obesity, such
as type 2 diabetes and hyperlipidemia. The second 45-
minute period was devoted to a family-centered nu-
trition education session for both the youth and the
parent/guardian that was conducted by a registered di-
etitian. Topics included the food pyramid, how to reduce
total and saturated fat and cholesterol intake, how to
determine and limit carbohydrate intake, portion con-
trol, improving the quality of snacks, strategies for eating
out of the home, understanding food labeling, and
healthful food shopping.

Study Population

Youth who were referred for weight management by the
endocrinology or general pediatrics clinics in our insti-
tution or by community physicians were invited to par-
ticipate in KNF. Youth were recruited between June
2002 and August 2004. Inclusion criteria were (1) age
between 8 and 16 years, (2) BMI =25 kg/m? according
to the revised Centers for Disease Control and Preven-
tion growth charts'® or height to weight ratio >85th
percentile, and (3) previous physician approval. Exclu-
sion criteria were (1) disinterest in the program; (2) a
known diagnosis of diabetes; (3) inability to ambulate;
(4) preexisting medical conditions or administration of
medications such as glucocorticoids, insulin sensitizers,
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or psychotropics, which may affect appetite regulation;
and (5) lack of approval by a physician to do physical
activity. The protocol was approved by our institutional
review board, and written informed consent and assent
were obtained from all parents and youth, respectively.

Protocol

At enrollment, anthropometric and laboratory measures
were obtained. Participants” height measurements were
measured in 0.1-cm increments using a Harpenden Sta-
diometer (Cambridge, MD), weight measurements were
obtained to the nearest 0.1 kg using a Detecto electronic
weight scale (Webbcity, MO), and BP was measured
with a Criticon Dinamap Monitor (Tampa, FL); each was
measured once. BMI and BMI SD score (SDS) was cal-
culated on the basis of Centers for Disease Control and
Prevention growth charts. The following laboratory sam-
ples were obtained after at least an 8-hr overnight fast:
plasma glucose (FPG) and serum insulin, c-peptide, total
cholesterol, HDL cholesterol, LDL cholesterol, TG, leptin,
and hemoglobin Alc. Repeat sampling for FPG and se-
rum insulin was performed 2 hours after ingestion of
1.75 g/kg (maximum dose 75 g) of Glucola (Fisherbrand,
Fisher Health Care, Houston, TX), an oral glucose solu-
tion. FPG, total cholesterol, HDL cholesterol, and TG
were measured via Vitros 960 colorimetric assay, and
LDL cholesterol was calculated. Hemoglobin Alc was
measured using a DCA 2000 (Bayer Corporation,
Elkhart, IN). Insulin and c-peptide levels were measured
by immunochemiluminescent assay (Esoterix Laborato-
ries, Calabasas Hills, CA), with an interassay coefficient
of variation (CV) of 9.8% and an intra-assay CV of 6.8%
for insulin, and interassay CV of 11.8% and intra-assay
CV of 6.8% for c-peptide. Leptin levels were measured
via double-antibody radioimmunoassay (Esoterix Labo-
ratories), with interassay CV of 9.6% and intra-assay CV
of 12%. Outcome measures were obtained within 3
weeks before the start of the program and were repeated
at or within 3 weeks after the end of the final session.
Weight, height, and BP measurements were obtained on
a weekly basis, but these data were not analyzed, be-
cause not all patients attended the same sessions. Out-
come measures after completion of the program were
offered to youth who had attended at least 50% of the
sessions. Informal telephone surveys were done by call-
ing families who did not complete the program. A total
of 39 families were called, and 8 questions were asked
regarding reasons for dropping out of the program.

Data Analysis and Statistics

Modified criteria for metabolic syndrome were defined
as the presence of 3 or more of the following (modified
from the NCEP criteria above): age-adjusted BMI =95th
percentile, age-adjusted systolic or diastolic BP =90th
percentile,'¢ age-adjusted TG =90th percentile, age-ad-
justed HDL =10th percentile,'” and impaired fasting glu-

cose (IFG) or IGT. IFG was defined as a FPG =100
mg/dL, and IGT was defined as a FPG =140 and <200
mg/dL 2 hr after a standard glucose load. IR was calcu-
lated on the basis of 2 indices to evaluate change in
degree of IR. These indices included homeostasis model
assessment of IR [HOMA-R = (I X Gg)/22.5],'¢ where I
is fasting insulin (mU/L) and Gg is fasting glucose
(mmol/L), and quantitative insulin sensitivity check in-
dex {QUICKI = 1/[log (Iz) + log(Gg in mg/dL)]}." Note
that with increasing IR, the HOMA-R index increases
and the QUICKI index decreases. Although there are
conflicting data regarding the reliability of HOMA and
QUICKI in assessing IR in youth, recent data have
shown reliable sensitivity and specificity of these indices
to evaluate IR in this population.2°2! We used both cal-
culations to assess a trend in change of IR, rather than
define IR cutoffs.

The prevalence of each of the risk factors of the met-
abolic syndrome was calculated. Logistic regression was
used to evaluate the difference in the prevalence of
metabolic syndrome on the basis of gender and ethnic-
ity. The difference in IR among youth with and without
the metabolic syndrome was assessed using Student’s ¢
test; the difference in IR among youth with different
numbers of risk factors for the metabolic syndrome was
evaluated using linear regression. Paired ¢ tests were
used to compare different outcome measures before and
after completion of the KNF program. Nonparametric
Spearman rank correlation was used to evaluate the
correlation between the change in BMI and that of the
other metabolic measures.

The study initially was powered on the basis of an
assumption that ~50 youth would be enrolled into and
complete the study, yielding a power of 80% for detect-
ing differences of approximately one third of an SD
based on a 1-sided paired ¢ test at a 5% significance level.
The resulting study actually had a smaller power, allow-
ing detection of one third of an SD (~65%), as a result
of the failure of all youth to provide follow-up data.

RESULTS

Baseline measures were obtained in 109 youth with
demographic data, as indicated in Table 1. Although this
program was open to children and youth from all ethnic
groups, on the basis of the demography of our center,
most of the youth who enrolled were self-identified as
Hispanic in origin. The overall prevalence of risk factors
for the metabolic syndrome, on the basis of our modified
criteria, was 49.5% in this population, with the preva-
lence of each individual criterion indicated in Table 1.
The prevalence of IFG/IGT was 10%. The prevalence of
the risk factors for the metabolic syndrome was 55% in
Hispanic and 27% in black participants, a statistically
significant difference even when adjusted for the gender
difference between the 2 groups, although this was not
adjusted for BMI (Table 2). However, the difference in
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TABLE 1 Prevalence of the Metabolic Syndrome and Its Various Components
Criteria All Male Female Hispanic AA
N =109 N = 60 N =49 N =85 N=15

Gender, %

Male 55 60 25

Female 45 40 75
Ethnicity, % of total

Hispanic 78 85 69.5

Black 14 5 244

White 5 83 2

Other 3 1.7 4.1
Mean age, y 1M15*+19 114*+19 119*+18 11619 119*+18
Mean BMI SDS +235*+032  +241*030 +227*033  +235*+038 +229+038
Mean BMI percentile 98.1 98.3 98.0 98.8 933
Metabolic syndrome, % of total 495 583 429 56.5 20.0
BMI, % >95th percentile 98.2 983 98.0 98.8 933
BP, % =90th percentile 30.2 30 306 306 333
TG, % =90th percentile 614 7.7 49.0 69.4 200
HDL, % =90th percentile 404 433 36.7 447 26.7
IFG/IGT, % of total with either 10 83 12.2 10.6 6.7

TABLE2 Prevalence of the Metabolic Syndrome on the Basis of
Ethnicity and Gender

TABLE 3 Assessment of IR in Youth With and Without the Metabolic

Hispanic Black
Male, % 56.9(n=51) 333(n=23)
Female, % 529(n=134) 16.7(n=29)

When adjusted for gender, Hispanic youth had 4.5 times the odds ratio of having metabolic
syndrome versus black youth (P < .05). When adjusted for ethnicity, male youth had 1.2 times
the odds ratio of having the metabolic syndrome versus female youth (P = .6).

the prevalence of the risk factors for the metabolic syn-
drome between boys and girls was not statistically sig-
nificant. Youth with the risk factors for the metabolic
syndrome had significantly higher HOMA-IR and lower
QUICKI indices, suggesting a higher degree of IR than in
those without the metabolic syndrome (Table 3). Assess-
ment of IR by both measures correlated significantly
with the number of risk factors for the metabolic syn-
drome that were present (Fig 1).

Rates of retention versus attrition of youth are indi-
cated in Fig 2. Of the 109 youth, 50 (46%) dropped out
of the program, with almost half of them never even
attending a single session after enrollment. Our informal
questionnaires indicated that transportation, language
barrier (although interpreters were used during the
class), and the time requirement were found to be the
main reasons for dropping out of the program. Of the 59
youth who completed the program with at least 50% of
the sessions attended, 43 completed postprogram out-
come measures, and data were available on 35 to 43
youth, depending on the measure; the other 19 youth
did not return for the final outcome assessment.

The subset of youth with final outcome measures
showed a significant decrease in BMI and leptin levels;
systolic BP; and total cholesterol, LDL cholesterol, and
TG; and 2-hour postprandial glucose levels (Table 4).
Although youth did not show a significant decrease in
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Syndrome
With Without P
Metabolic Metabolic
Syndrome Syndrome
Fasting insulin, wU/mL 286+ 40 168*16 <.005
2-hour insulin, wU/mL 128 =174 768+ 70 <.005
HOMA-R 649£10 3.69 =04 <01
QUICKI 0.308 = 0.004 0.325 = 0.004 <.005
C-peptide, ng/mL 390*+0.32 3.56 =030 NS

Data are mean = SE. NS indicates not significant.

absolute weight, they showed a significant increase in
their height gain during the study period; therefore, they
had a statistically significant improvement in BMI and
BMI SDS. A trend of improvement in IR also was noted;
however, this improvement was not statistically signifi-
cant (Table 5). The improvement in none of the other
metabolic measures correlated with the presence and/or
the magnitude of the improvement of BMI.

DISCUSSION

On the basis of criteria that were adapted from the
NCEP, we found that approximately half of our over-
weight pediatric population had multiple risk factors for
the metabolic syndrome, a prevalence that is consistent
with the findings of Weiss et al® but higher than that
found in other studies of overweight youth.>¢ This may
be explained by a recruitment bias, because most of our
participants were referred by their primary care provid-
ers. It is likely that the presence of acanthosis nigricans,
a known abnormal lipid profile, a positive family history,
or a greater weight/BMI prompted referral. Because we
used a BMI =95th percentile as a criterion for the met-
abolic syndrome, as opposed to a waist circumference
=90th percentile, we may have increased falsely the
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number of youth with multiple risk factors for the met-
abolic syndrome. However, this was similar to criteria
used by Weiss et al® in their study of overweight youth,
and we chose BMI because of the lack of normative data
on waist circumference in youth when we began our
study. Because mnormative waist circumference data
since have been published for the adolescent popula-
tion,22 measuring waist circumference in future studies
should be promoted so that more standardized defini-
tions of metabolic syndrome can be used. We used IGT,
in addition to IFG, as a criterion for the metabolic syn-
drome because previous studies showed a higher prev-
alence of IGT than of IFG in an obese pediatric popula-

tion.2 In addition, we used age-adjusted percentile
cutoffs for TG and HDL, rather than absolute values, to
provide a more comprehensive assessment, because nor-
mal ranges for TG and HDL levels in youth are age
dependent.!”

The severity of obesity in our population may explain
the high prevalence of the metabolic syndrome. Our
youth were very overweight, with an average BMI SDS
of 2.35 *= 0.32 above the mean, and >95% of our youth
had a BMI =97th percentile for age and gender. Com-
parable results were found by Weiss et al, who, using a
similar definition for the metabolic syndrome, found a
prevalence of 38.7% in moderately obese youth (BMI
SDS +2.0-2.5) and 49.7% in severely obese youth (BMI
SDS >+2.5).8 These investigators also found, as we did,
a lower prevalence of risk factors for the metabolic syn-
drome, as well as lower lipid levels, in black youth than
in those of other ethnicities. A more favorable lipid
profile has been noted in the black population, both in
adults and in youth.»24

Similar to previous reports,”® our data suggest that
there is a direct relationship between IR and the risk
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TABLE4 Changes in Anthropometric and Metabolic Outcomes Before and After Completion of KNF

Program
Outcome Measure Before KNF After KNF P (Paired t Test) cl

Weight, kg (n = 43) 7823 £3.69 7831 £ 364 NS —0.72t00.54
Height, cm (n = 43) 1511216 1522 *+16 <.005 —14t0—09
BMI, kg/m? (n = 43) 3365x1.15 3319+ 1.12 <.005 021t00.7
BMISDS (n = 43) 239 %005 2.34£0.06 <.005 0.016t00.076
SBP, mm Hg (n = 40) 1183+ 28 113.3+28 <05 0451094
DBP, mm Hg (n = 40) 659 %15 623%14 NS —0.05t074
FPG, mg/dL (n = 39) 892 %11 879%1.1 NS —1.1t034
2-hour glucose, mg/dL (n = 35) 111.5+42 1025+ 25 <.05 13t016.8
Cholesterol, mg/dL (n = 40) 183.0*59 1718 £53 <.005 503t017.5
HDOL, mg/dL (n = 41) 425*x17 417 %16 NS —1.5t03.09
LDL, mg/dL (n = 40) 109.9 + 4.7 103.3 49 <05 1410120
TG, mg/dL (n = 39) 1481115 1208 =87 <05 8710459
Leptin (n = 35) 320%38 263 +30 <.05 1.1t0 104

Data are mean = SE. Clindicates confidence interval; SBP, systolic BP; DBP, diastolic BP.

TABLE5 Measures of IR Before and After Completion of the KNF Program

Measure Before KNF After KNF P (Paired t Test) cl
Fasting insulin, wU/mL (n = 35) 242 +55 168 = 1.7 NS (.1) —16t0164
2-hour insulin, wU/mL (n = 35) 100.7 £ 18.0 729 %91 NS (.058) —1.1t056.6
C-peptide, ng/mL (n = 35) 4.15 %046 354 +030 NS (.19) —031to1.51
HOMA-R (n = 35) 552+ 140 372041 NS (.12) —0.53t04.1
QUICKI (n = 35) 0.318 = 0.005 0.326 = 0.005 NS (1) —0.05t00.003

Data are mean =+ SE.

factors for the metabolic syndrome. The association be-
tween IR and serum lipids, including TG, has been at-
tributed to altered action of insulin on lipoprotein me-
tabolism. IR is associated with decreased lipoprotein
lipase activity, resulting in decreased clearance of TG, as
well as increased lipolysis in adipose tissue and increased
synthesis of very-low-density lipoprotein particles in the
liver.>

In contrast to Sinha et al,2 who reported IGT in 23%
of children and adolescents with a BMI =95th percen-
tile, and Goran et al,>> who reported IGT in 28% of
overweight Latino children with a family history of type
2 diabetes, we found IGT or IFG in only 10% of our
youth. Our study cohort may be different from that of
these other studies*® in that it largely was Hispanic and
our youth had a greater derangement in lipid than in
glucose metabolism. Although the ethnicity on our
study population was similar to that of Goran et al,>> we
did not use family history of type 2 diabetes as an inclu-
sion criterion. Therefore, we may have included some
youth who had a negative family history and may have
had more effective compensatory B-cell function and,
thus, could tolerate more IR without the development of
diabetes. Indeed, elevated fasting insulin levels were
found in the majority of our patients, suggesting intact
compensation by the 3 cells to prevent disturbed glucose
metabolism. A recent study by Rosenbaum et al2¢ that
evaluated insulin secretion and IR in 72 Latino youth
found that children with a family history of type 2
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diabetes were more likely to be in the lowest quartile for
insulin secretory capacity, for glucose disposal, and for
insulin sensitivity, leading to more insulin deficiency
and dysregulation of glucose control.

Programs that attempt to modify lifestyle have been
the mainstay of therapy for obesity and have proved to
be effective in reducing the incidence of type 2 diabetes
in adults, as reported by the DPP Research Group.'? In
adults, lifestyle modification also has proved to be ben-
eficial in improving dyslipidemia, especially when high-
intensity exercise is integrated into the program.’ Early
studies by Epstein et al2® showed long-term benefits of a
family-based lifestyle intervention in achieving weight
loss in obese youth. However, studies that examined the
effect of lifestyle intervention on metabolic derange-
ments in youth have been limited. Kang et al>* found an
improvement in triacylglycerol, cholesterol/HDL, dia-
stolic BP, and improvement in measures of IR in 80
obese youth who were between 13 and 16 years of age
and involved in 8 months of lifestyle education and
intense physical activity compared with those who un-
derwent lifestyle education alone. A 3-year study of Zuni
Pueblo American Indian high school students showed
that diet education and increased physical activity re-
duced fasting and 30-minute insulin levels.?® A recent
study by Balagopal et al’*! showed a decrease in weight
gain and improvement of inflammatory markers in
obese youth who participated in a 3-month exercise
program. Our study suggests that an intensive lifestyle
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intervention that combines nutrition education and ex-
ercise may improve metabolic outcomes in as little as 12
weeks, with a more significant effect in ameliorating
lipid abnormalities than in improving IR.

The improvement in BMI SDS as the result of our
lifestyle program, although small, was statistically signif-
icant. BMI and BMI SDS rather than absolute change in
weight were analyzed because our youth still were
growing in height. Although the youth did not have
significant weight loss, they had statistically significant
improvements in their BMI and BMI SDS because they
also grew in height during the 12-week intervention. It
is likely that without lifestyle modification, this popula-
tion would have continued to gain weight and increased
their BMI and BMI SDS. This decrease in BMI paralleled
an improvement in the concentration of serum leptin.
This is consistent with previous studies that found a
correlation between weight loss and a decrease in leptin
levels in youth.3233

In our study, we did not find an association between
the degree of improvement in metabolic measures and
the presence and the degree of improvement in BMI in
individual patients. This may be secondary to our small
study sample size and the modest degree of change in
BMI. However, it also may suggest that lifestyle inter-
vention has beneficial effects on metabolic derange-
ments, regardless of change in BMI. In addition, because
we did not evaluate total body or visceral fat, it is pos-
sible that the improvement in metabolic derangements
in our population was secondary to a decrease in global
or compartmental fat, without a major change in total
BMI.

The attrition rate in our program was ~46 %, which is
consistent with the rates seen in other pediatric weight
management programs.>*3*> Previous studies in similar
programs found a higher dropout rate in black partici-
pants, which may be caused by other confounding fac-
tors, such as socioeconomic status.>> We saw a trend of
higher attrition rate in male and black patients, but our
population was too small to analyze this. In addition, we
did not evaluate either socioeconomic status or health
insurance status because the program was offered with-
out charge to the family. Through our telephone surveys
from families who dropped out of the program, we
found the attrition rate to be related, at least in part, to
transportation, distance from the program center, and
language limitations, despite attempts to use translators
and bilingual material. We were able to obtain outcome
measures in only 43 of 59 youth who completed the
program. It is possible that youth who did not complete
the outcome measures were those who were less suc-
cessful. As a result, our findings might be biased by the
fact that more successful youth might have completed
the final assessments.

CONCLUSION

A 12-week family-based lifestyle intervention program
for overweight youth may have beneficial effects on
anthropometric and metabolic measures related to obe-
sity, the metabolic syndrome, and IR. In addition, im-
provements in abnormal lipid levels, such as total cho-
lesterol, LDL, and TG levels, showed a greater degree of
improvement than did measures of IR during a 12-week
period. Longer term studies with greater duration of a
postintervention observation period and larger sized
study cohorts are necessary to evaluate whether the
observed improvements are sustainable and clinically
relevant.
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