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Obesity, insulin resistance and themetabolic syndrome

Alan Sinaiko*

There has been a remarkable increase in interest during
the past two decades in the relation between cardiovascular

risk factors in children and the development of arteriosclero-

tic cardiovascular disease (ASCVD) and type 2 diabetes in

adulthood. Initial studies concentrated on individual factors

such as lipids and blood pressure. However, as research in

this areahas evolvedandpediatricianshave followed the lead

of their colleagues in internal medicine, attention has turned

to broader considerations of risk and, in particular, to obesity,

insulin resistance and themetabolic syn-

drome. It is not surprising that these stu-

dies are affirming the concept that the

roots of ASCVD and type 2 diabetes ex-

tend back into childhood.

The relation of obesity to ASCVD in

adults is well known. Although children

and adolescents do not have overt AS-

CVD, obese children have a cardiovascular risk profile consis-

tent with its early development, i.e., significantly higher

blood pressure, triglycerides and fasting insulin and signifi-

cantly lower HDL-C.1 Moreover, the degree of risk increases

with increasing obesity.2 The result is early deposition of fatty

streaks and plaque in adolescent coronary arteries,3 and the

outcome in adulthood is an increased incidence of premature

cardiovascular and all-cause mortality in individuals who

were obese adolescents.4 Despite a perception in the general

population that overweight children tend to become thinner

as they go through adolescence andmaintain the thinness as

they become young adults, longitudinal growth studies have

shown a highly significant (r = 0.61) correlation in bodymass

index (BMI) between ages 7 and 24, and have further shown

that BMI at age 7 predicts the ASCVD risk factors at age 24.5

The relevance of these findings is of increasing importance to

pediatricians, since the prevalence of obesity in children is

steadily increasing in all ethnic groups.6

The relation of obesity to insulin resistance is also well

known, and while insulin resistance is related to the develop-

ment of ASCVD, its role independent from obesity is not cle-

arly defined. Nevertheless, it has become evident that

obesity cannot completely explain

the development of insulin resistan-

ce. Insulin resistance is not present

in all obese individuals; nonobese,

nondiabetic individuals can be

insulin-resistant; and type 2 diabe-

tes occurs in nonobese individuals.

In an attempt to clarify the indepen-

dent influence of BMI and insulin re-

sistance on the development of cardiovascular risk and type2

diabetes, we have been conducting a longitudinal study, in-

cluding euglycemic hyperinsulinemic clamps, in children who

were randomly recruited from a public school population of

11-14 year olds. Results from this study are showing that in-

sulin resistance, of itself, is associatedwith increased levels of

cardiovascular risk factors.1When the cohortwasdivided into

twogroups according to insulin sensitivity and resistance, the

insulin resistant group was found to have significantly higher

fasting insulin, triglycerides and lowerHDL-C, independent of

BMI. And, when the cohort was further divided according to

levels of both BMI and insulin resistance, an interaction was

uncovered in the obese, insulin resistance group, leading to

higher levels of risk factors thanwould be expected by simply

adding together the individual effects of BMI and insulin re-

sistance. This cohort has now been followed to early young

adulthood (age range 18-21). Recent studies7 have shown

that insulin resistancemeasured at age 13 predicts, indepen-

dent from BMI, blood pressure and lipids at age 19. Thus, it
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appears that insulin resistance, of itself, is etiologically rela-

ted to the ultimate development of ASCVD.

As investigation into the relation between obesity and in-

sulin resistance has intensified, certain fat compartments, in

particular visceral fat, have been shown to be more functio-

nally active than others.8 Visceral fat cells have higher rates

of lipolysis than subcutaneous fat cells, resulting in a greater

production of free fatty acids, and elevated free fatty acids

have been associated with increased insulin resistance. In

addition, visceral fat is a prominent source of the adipocytoki-

nes Il-6, TNF-α and adiponectin, all of which have been rela-

ted to insulin resistance. Visceral fat content is highly

correlated with waist circumference, suggesting that waist,

rather than BMI, may be a better predictor of insulin resis-

tance.

In this issue of Jornal de Pediatria Ferreira et al.,9 report

on the prevalence of the metabolic syndrome in 1,550 Brazil

schoolchildren. They found that 8% of the children were

overweight, and 17.3% of the overweight children had the

metabolic syndrome. Although these figures are lower than

those reported for Caucasian, Black and Hispanic children in

the United States,6,10 they show that Brazil is faced with the

same high prevalence seen in other countries. The appropri-

ate application of the metabolic syndrome to patient care is

still being debated,11 but most would agree that it is related

clinically to future cardiovascular disease. Although a direct

role for insulin resistance in the development and mainte-

nance of the syndrome has not been established, most clini-

cians believe insulin resistance is directly involved. It might

be suggested that obese children without the metabolic syn-

drome are thosewithout insulin resistance. An issue for pedi-

atrics is how to define threshold values for the factors

comprising the system.Most studies in children have arbitra-

rily modified the published adult standards to select values

that are basedonpediatric norms. This is a reasonable appro-

ach, but longitudinal studies confirming the appropriateness

of those values have not yet been published.

The euglycemic hyperinsulinemic clamp is the acknow-

ledged “gold standard” measure of insulin resistance.12 In

the study by Ferreira et al., the authors use HOMA, a surro-

gatemeasure of clamp-derived insulin resistance, to showan

apparent link between the metabolic syndrome and insulin

resistance. Because the clamp is technologically more com-

plicated and places an increased burden on the patient, inclu-

ding a 2-3 hour stay in a clinical research center, a number of

surrogate measures for insulin resistance have been desig-

ned. HOMA is one of themost widely used and requires only a

fasting blood sample for insulin and glucose. The formula for

HOMA is serum glucose x fasting insulin/22.5. However,

HOMA does not define insulin resistance in children with any

greater accuracy than fasting insulin (the correlation be-

tween fasting insulin andHOMA is>0.95), becauseglucose is

so tightly controlled and its range is so narrow in children that

its use in the HOMA formula does not discriminate among in-

dividuals. The correlation between either HOMA or fasting in-

sulin and the insulin clamp is low (approximately 0.4-0.5 in

most studies), and most investigators today do not believe

that HOMA is an accurate measure of insulin resistance in

children.

Can fasting insulin be used as a surrogatemeasure for in-

sulin resistance? Unfortunately, the range of fasting insulin in

children is relatively narrow, so that it also lacks the precision

required to categorize individuals. However, degree of insulin

secretion is relevant to the study of insulin resistance, and

fasting insulin levelsmay be used in otherways. For instance,

it has been incorporated by the EuropeanGroup for the Study

of Insulin Resistance into the definition for themetabolic syn-

drome.13 In our studies in children we have incorporated it

with triglycerides, HDL-C and blood pressure into an “insulin

resistance score” that has been applied in studies of BMI and

insulin resistance.1Wehave found that the scoremayprovide

a better picture of overall cardiovascular risk than examina-

tion of the individual risk factors.

Physicians caring for children have historically been en-

trusted with preventing disease during childhood and ensu-

ring normal growth and development prior to adulthood. The

soaring prevalence of obesity in childhood coupled with the

increase in levels of cardiovascular risk factors and themeta-

bolic syndrome offers another challenge to fulfilling those

responsibilities. Although it has been obvious for many years

that obesity is associated with cardiovascular risk, the etiolo-

gic factors linking obesity to the factors that define themeta-

bolic syndromehavenot been identified. Recent data suggest

that insulin resistancemaybeoneof those factors. It is hoped

that ongoing studies in children will provide the information

required to design strategies that can be applied during chil-

dhood inorder to reduce the incidenceof prematureASCVD in

adults.
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The quality of care of very low birth
weight babies in Brazil

Fernando C. Barros,1 José Luis Diaz-Rossello2

This issueof the Jornal dePediatria publishesan interes-
ting paper on health services research, analyzing the morta-

lity of very low birth weight (VLBW)

babies born in maternity hospitals with

neonatal intensive care units (NICU) in

2002-2003, in Fortaleza, Ceará, Brazil.1

As the authors rightly state, this birth

weight group, although being less than

2%of the total live births, require a high-

quality hospital care and account for a substantial and gro-

wing proportion of neonatal and infant mortality.

The paper shows that the neonatal and overall hospital

mortality rates of Fortaleza’s VLBW babies are much higher

than those observed in a network of

NICUs in the United States, for all

birth weight groups.2 Birth weight-

specific intrahospital mortality is an

indicator of quality of care and this

initial comparisonwith NICUs of a hi-

ghly developed country may put the

target too far. However, the authors also show that the mor-

tality rates in Fortaleza are higher, for all birth weight groups,

than those observed in Montevideo, Uruguay.3 Here we

should be much more concerned about the magnitude of our

avoidable deaths, considering that there are no relevant di-

fferences in the available technology and human resources

for the care of newborns between the two cities.

After the publication of these interesting results, what

should be the next steps to identify gaps in the quality of care

in Fortaleza’s NICUs in order to prevent avoidable deaths?

One first element would be to compare the units participating
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tología y Desarrollo Humano (CLAP), Organización Panamericana de la
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guay.
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Facultad de Medicina, Universidad de la Republica, Montevideo, Uruguay.

Suggested citation: Barros FC, Diaz-Rossello JL. The quality of care of
very low birth weight babies in Brazil. J Pediatr (Rio J). 2007;83(1):5-6.

doi:10.2223/JPED.1586

See related article

on page 27

♦

Care of VLBW babies – Barros FC & Diaz-Rossello JL Jornal de Pediatria - Vol. 83, No.1, 2007 5

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=1406836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=1406836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=1406836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=10086972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=10086972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=10086972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12365956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12365956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12365956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16923995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16923995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=10866038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=10866038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17183416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17183416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=17183416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12912790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12912790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12912790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=12912790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16419355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16419355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16419355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16419355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=16419355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=9794728
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=10342346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=abstract&list_uids=10342346


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


