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Context: Insulin like growth factor-1 (IGF-1) has structiffanctional similarities with insulin

and may play a role in glucose homeostasis, alatigl®F binding protein-3 (IGFBP-3), which
binds the majority of circulating IGF-I.

Objective: To assess whether IGF-1 and IGFBP-3 are associated with higher riskoident
diabetes in older adults.

Design: Participantsin the Cardiovascular Health Study (n=3133), a cohortdofiis aged>65
years, were observed for 16 years (n=3133) foddéwelopment of incident diabetes. Statistical
models were fit separately for men and women duetésactions with sex (p-interaction: IGF-I-
0.02, IGFBP-3- 0.009), and were adjusted for reiecavariates.

Setting: General community

Participants: Individuals who were non-diabetic at baseline aha did not develop diabetes
within the first year of follow-up

Interventions: n/a

Main Outcome Measure: Incident diabetes as measured by fasting plasowgé (FPG)
>126mg/dl, non-FPG200 mg/dl, use of pharmacological treatment fobéias, or existence of
> 2 inpatient o> 3 outpatient orX 1 inpatient an@ 1 outpatient) CMS claims using the
diagnostic ICD-9-CM code of 250.xx.

Results: In women, higher IGFBP-3 (HRs. 17=2.30, CI=1.55-3.40, P-trend <0.0001) was
significantly associated with incident diabetestal tGF-I was not significantly associated with
incident diabetes. In men, neither IGF-I nor IGFBRere significantly associated with incident
diabetes.
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Conclusions: We confirm a previously reported association leemvcirculating IGFBP-3 and
diabetes risk in the older adult population, essairig that this association is present among
women but could not be shown to be associated m me

We studied baseline total IGF-I and IGFBP-3 levels as predictors of incident diabetes. We found that
higher IGFBP-3 was associated with a 2-fold higher risk of diabetes in women but not in men.

Introduction

The growth hormone (GH)/insulin-like growth fac{é&F) axis is an evolutionarily conserved
axis thought to regulate carbohydrate metaboligml@F-I1, the primary mediator of the glucose
regulatory function of this axis, circulates ineartary complex along with an acid labile subunit
and one of six IGF binding proteins (IGFBP1-6) j2&udies suggest that some of these
binding proteins, particularly IGFBP-3, may indegently regulate glucose homeostasis as well
(4,5).

While IGF-1 and its binding proteins may plausiblky involved in normal carbohydrate
metabolism, the relationship between IGF protemsiacident diabetes is not completely
understood. GH stimulates the hepatic release BflJ@ protein that is structurally similar to
insulin and promotes glucose uptake in periphéalies (6-8). Interactions of IGF-I with its
binding proteins may modulate its biological a¢{i(©). IGFBP-3 bound IGF-I accounts for 90-
95% of the IGF-I in the blood (10).

Prior epidemiological studies on the relationstepaeen IGF proteins and incident diabetes
report conflicting findings (11-19). In the Nurddsalth Study and in the European Prospective
Investigation Into Cancer and Nutrition-Potsdamd$fuotal IGF-I levels were not associated
with incident diabetes, while in an analysis inchglddata from the Diabetes Cardiovascular
Risk-Evaluation: Targets and Essential Data for @ament of Treatment (DETECT) study and
the Study of Health in Pomerania, total IGF-1 hdd-shaped relationship with incident diabetes
(14,18,19) These studies did not adequately control fokmdwn confounders, did not evaluate
interactions with sex and did not adjust for IGFBH models of IGF-I and incident diabetes.

This study examines the relationship between t@&&H and IGFBP-3 on risk of diabetes
using data from the Cardiovascular Health Study$§;td cohort of community dwelling older
adults aged 65 and older.

Materials and Methods

Setting and Participants

The CHS is a population-based, prospective longialdgtudy of 5201 community-dwelling
adults age@d65 years who were recruited during 1989 -1990. ddiiteonal 687 individuals,

most of whom were African Americans, were recruited992-1993 (20). Participants were
identified from Medicare eligibility lists at fold.S locations (Forsyth County, NC; Sacramento
County, CA; Washington County, MD; and PittsburBid). Participants were recruited into the
CHS if they were not receiving active treatmentdancer, were expected to remain in the study
area for 3 years after recruitment and were abggvi® informed consent without a proxy.
Standardized examinations, blood draw and quesicgsmwere administered annually through
1999, after which information on health status key disease risk factors were updated through
semiannual phone interviews. In 2006, the surviyiagicipants were invited for another study
clinic examination.

L aboratory measurements
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Following standard procedures, fasting blood sasafel a second blood sample obtained 2
hours after ingestion of a 759 glucose load welleced, frozen on-site and deposited at’-Z0
(21). Levels of IGF-1 and IGFBP-3 were measureagsitored fasting blood samples from the
1993/1994 CHS clinic visit. IGF-1 levels were measliusing enzyme-linked immunosorbent
assay (ELISA) methods and IGFBP-3 levels were nredsusing chemiluminescence assays
(IDS, Immunodiagnostic Systems Ltd, Boldon Businiéask, Boldon,Tyne & Wear, England).

A randomly-selected sample of 501 individuals at1893/1994 CHS examination had previous
measurements of IGF-1 using ELISA methods (DSL gd@stics Systems Laboratory, Webster,
TX). We found high correlation (Pearson's 0.93) between the IDS and DSL measurements in
a study involving split-sample measurements amqohg8lsamples. Thus, these additional
observations were incorporated to the analysis pégorming a proper calibration. Details of
this calibration procedure are reported elsewh22g @Assay coefficient of variation was 3—14%
for IGF-I and IGFBP-3. Standard methods were ueaddasure glucose, insulin, total
cholesterol and C-reactive protein (CRP) at the Cid8tral Laboratory (21).

Clinical Variables

Diabetes status was determined using data collelttedg CHS study contacts and clinical
encounter data from the Center for Medicare andidéd Services (CMS). Of all CHS
participants, 77% of them had available data fra#SQuring the 1993/1994 baseline. The
other 23% either were not enrolled in Medicare Batbverage or did not have any clinic visits
during the baseline year. In CHS, fasting glucoas measured approximately every 2 years
from enroliment until 1999 and then again in 20086e of diabetes medications was ascertained
annually using a medication inventory (20,23). @is was defined in our analyses as having
fasting plasma glucose (FP§)26mg/dl, non-fasting plasma gluces200 mg/dl, use of
pharmacological treatment for diabetes, or exigaie 2 inpatient o> 3 outpatient orxX 1
inpatient and> 1 outpatient) CMS claims during a 2-year time @efvhich included a
diagnostic International Classification of Disegd¢imith Revision, Clinical Modification (ICD-
9-CM) code of 250.xx at any position in the medidaim.

Other covariates were obtained from CHS study ematiuns including body mass index
(BMI (kg/nt)), total cholesterol (mg/dl), smoking status (rew& ever vs. current),
hypertension (normal vs. pre-hypertensive vs. hgpsive), alcohol consumption (number of
drinks/week), leisure time physical activity (keedek) (24), C-reactive protein (mg/dl), fasting
insulin (IU/mL) and adiponectin (mg/L).

Statistical Analysis

The 1993/1994 study visit was established as tkelip& for analysis and follow-up of study
participants continued until 2009/2010. Particigamére included in the current analyses if they
had either IGF-I or IGFBP-3 measure available aeui diabetes status follow-up either through
CHS data alone or through CHS data supplementé&Mfy data. Participants were excluded if
they had prevalent diabetes at baseline or devéldabetes within the first year after the
baseline year. There were 5055 individuals whanded the 1993/1994 visit, 567 had unknown
diabetes status, 856 had prevalent diabetes amdiRdduals lacked diabetes follow-up data and
were all excluded. An additional 133 individualsomteveloped diabetes in the first year were
excluded from the primary analysis, but were ineldifor sensitivity analysis. From the 3479
individuals remaining, 230 individuals did not hd®@F measures available and 116 were
missing at least one of the confounding variabdetuided in the study. After all exclusions,
3133 individuals remained for analysis.
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The population at risk of diabetes was defined#iews: fasting glucose <126 mg/dl during
the 1992/1993 clinic visit, no reported use of étas medication or record of diabetes diagnosis
using CMS data during the 1993/1994 study visitai@hteristics of study participants at the
baseline years were summarized using descriptatstits. In addition, Pearson correlations
were used to assess bivariate relationships betemanbiomarker and covariates that were
continuous variables.

Cox proportional hazards regression models, andlgeparately for men and women, were
used to estimate hazard ratios (HRs) and 95% cemdelintervals (CIs) for the relationship
between IGF and IGFBP-3 biomarkers and inciderieties. Both biomarkers were analyzed in
tertiles with the lowest tertile as reference grdevalues for trend were determined by
modeling the median value in each tertile as aicoatis variable to minimize the effects of
extreme values. Covariates in the models were mi@ted apriori based on previous studies and
were added sequentially into the model to asses®ending effects(14). The final, fully
adjusted models included covariates for age, s&e, BMI, smoking status, alcohol
consumption, cholesterol, hypertension, fastinglinsadiponectin, C-reactive protein and
physical activity. While most covariates were meadiwcontemporaneous with the main risk
factors of interest, others were from the priorwlrvisit if they were unavailable at the baseline
study year.

Because of the strong correlation between IGF-ll@kBP-3 levels, the Cox model for
IGF-1 was adjusted additionally for IGFBP-3 levalkile the model for IGFBP-3 was adjusted
for IGF-I levels. Multivariable models for womersalincluded adjustment for use of hormone
replacement therapy (current vs none). In the faaisted models, interactions were formally
tested using binary interaction terms, definedkas/a or below sex-specific medians for age,
BMI and fasting insulin levels. The proportionalzards assumption implicit in Cox models was
formally tested using Schoenfeld and scaled Scleténésiduals and graphically using log-log
plots.

Sensitivity analyses were conducted to assess ehsgithilar results were obtained if
diabetes cases were only identified using only @t¢&sured glucose levels and medication use
without inclusion of CMS claims data. Analyses wezpeated after inclusion of participants
who developed diabetes within the first year afi@seline, and also, after exclusion of those
with fasting glucose between 100mg/dL and 125 mgAdLanalyses were performed using
Stata Version 12.1 (College Station, TX: StataQd?p.

Results

Baseline Characteristics

During the baseline year (1993/1994 clinic visit$)aracteristics were similar among the 1254
men and 1879 women included in the study. Meamage75 +4.9 years, 15% were Black, and
16% of the women were currently using hormone Epteent therapy (Table 1). Baseline
IGFBP-3 levels were significantly higher in thoskorhad prediabetes when compared to those
who were normoglycemic in men (p=0.01) and womer®(P001) (Supplemental Table 1).
Among the women, IGF-I levels were significantlgiher in the prediabetic group versus
normoglycemic groups (p=0.001), whereas there weadifference in IGF-I levels in men
(p=0.28).

Bivariate Relationshipswith |GF-1 and | GFBP-3
IGF-1 levels were inversely associated with agerersm in men more than in women. IGF-I
was positively associated with total cholestera &asting glucose levels in women (Table 2). In
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both men and women, IGFBP-3 had a highly significaverse association with age and
adiponectin, and strong positive association whtblesterol levels. In women, IGF-I and
IGFBP-3 were positively associated with fasting a&rabur measures of glucose and insulin
levels (r: 0.08-0.15), whereas men displayed weakabsent associations of IGF-1 and IGFBP-
3 with glycemic traits.

Associations with Diabetes Risk
During a median 10.6 years of follow-up, 452 incildiabetes cases (men, n=178, women,
n=274) occurred among 3133 individuals studied faaseline.

Associations between IGF-I, IGFBP-3 and incideabdtes varied significantly by sex (p-
interaction: IGF-1- 0.02, IGFBP-3- 0.009). In woméotal IGF-I was not significantly
associated with risk of diabetes (Table 3). Afjuatment for age, race, BMI, smoking, alcohol,
cholesterol, hypertension, C-reactive protein, ptaysactivity, fasting insulin, adiponectin and
total IGF-I levels, participants in the highest BH~3 tertile had an approximate 2-fold increase
in risk of diabetes when compared to those in okt tertile (HR3 vs. 77=2.30, CI=1.55-3.40,
P-trend <0.0001).

In men, levels of IGF-I and IGFBP-3 were not sigrahtly associated with incident diabetes
in fully adjusted models (Table 4).

Sensitivity analyses

In an analysis that limited ascertainment of diebéb medications and glucose measurements,
associations between IGF-1 and IGFBP-3 with incidkabetes were generally consistent with
the results reported. However, the power of thadysis was much lower because numerous
diabetes cases were identified using CMS dataddiitian, the strength of the association was
lower. Inclusion of those who developed diabeteth@nfirst year resulted in slightly weaker
associations between IGF biomarkers and ghrelih iwitident diabetes. Additional subgroup
analysis in normoglycemic individuals and thosehvpitediabetics at baseline showed results
with similar direction of associations, althoughiwivider confidence intervals and larger p-
values, with the association between IGFBP-3 andiémt diabetes reaching statistical
significance in women (p=0.03, Supplemental TaBk&3. Among the women, exclusion of 299
participants who were receiving estrogen/progdabenapy did not alter the outcomes (IGF-I:
HRr3 s 7=0.85, CI=0.56 —1.30, p-value for trend= 0.46, |&®F8 HR3 s 1=1.87, CI=1.22 —
2.87, p-value for trend= 0.003) (Supplemental Table

Discussion

In this study, we evaluated the association betvegrenlating levels of IGF-I and IGFBP-3, and
risk of incident diabetes in a large prospectivearbof older men and women. Sexual
dimorphism of the GH/IGF axis have been observezhimal models and human studies which
show varying effects of IGF mutations and/or IGBtpin levels in males versus females with
regards to associations with lifespan, body contmwsiand bone aging (25-30). Our results
were consistent with these previously published,dahich varied by sex. Among women,
higher levels of IGFBP-3 were associated with highek of incident diabetes. In men, IGF-I
and IGFBP-3 had no statistically significant asations with diabetes risk. Our findings
confirm and highlight long known sex-related difeces in animal models with respect to IGFs,
glucose metabolism and diabetes and support thetiggis that IGF proteins may be
biomarkers for diabetes risk (31).


tnguye14
Text Box

tnguye14
Text Box

tnguye14
Text Box


High IGFBP-3 levels had a strong association wighér risk of incident diabetes in women,
even after additional adjustment for IGF-I levatslan array of potential confounders. Although
IGFBP-3 binds 90-95% of circulating IGF-1 and magdify diabetes risk by modifying IGF-I
activity, IGF-I independent effects of IGFBP-3 daoapse metabolism have also been reported.
IGFBP-3 binds to nuclear receptors (RXR-alpha, PR@Rma), which play a role in glucose
and lipid metabolism (32,33). In transgenic mouselels overexpressing IGFBP-3, circulating
IGFBP-3 levels are 5-8 fold higher than in wild ¢yand these mice have numerous metabolic
derangements characteristic of Type 2 diabetesEBA4dence fromn vivo animal models may
not fully represent the biology of IGFBP-3 in hursarHowever, our findings are consistent not
only with these mechanistic observations but algb prior epidemiological studies from the
Nurses’ Health Study (NHS) (14). Unlike the pritwdy, which was limited to women, our
report was not only able to confirm this previousdported association, but also showed that the
association was specific to females. Another studihe European Prospective Investigation
Into Cancer and Nutrition (EPIC)- Potsdam Studirdit demonstrate an interaction with sex;
however, EPIC is a study of middle-aged adultsctvimay confer different risk profiles given
the age-related changes in IGFBP-3 levels (18)sTiiwmemains plausible that high levels of
IGFBP-3 may be useful to identify older women atr@ased risk for diabetes who may benefit
from preventive measures.

Levels of IGF-1 were not significantly associatetihancident diabetes in either men or
women. Recent studies in the Cardiovascular H&ilidy has shown that IGFBP-1 and ghrelin
levels both predict major health events such akastrheart failure and myocardial infarction, as
well as death in older adults (35). Given the d&théd relationships between IGF axis proteins
and adverse health outcomes, one would expectsaciaton between Total IGF-I and incident
diabetes. However, total IGF-I may not reflect tii@ogically active subfraction, thus variations
in total IGF-I may not contain information aboutaegements in glucose metabolism. Data
from animal studies suggest that overexpressid@bfl is associated with moderate protection
from diabetes (36). Findings from epidemiologidaldses have been conflicting. A functional
polymorphism in the promoter region of the IGF-hges associated with lower IGF-I levels and
a 70% increased risk of diabetes (17), howevezcant study failed to confirm this finding (11).
Another study reported an association between ¢dal tGF-1 and diabetes risk but only in those
with IGFBP-1 below median levels (15). Similarlytd from the Nurses Health Study reported
an association of high free-IGF-I with diabete& iiswomen with insulin levels below the
median but low IGFBP-1 with diabetes risk in wonwath insulin levels above the median (14).
Lewitt et. al reported a positive association viittident diabetes in women, although these
findings were not adjusted for confounders (12)e Gtudy reported a U-shaped relationship
between IGF-I and risk of diabetes but levels dFBP-3 were not assessed (19) thus, models
were not adjusted for IGFBP-3 levels. Adjusting f8FBPs, especially IGFBP-3 that
sequesters the majority of IGF-I, is critical iretanalysis of IGF-1 and diabetes risk in order to
identify independent effects of IGF-1. In the Nwsddealth Study, high total IGF-1 was positively
associated with diabetes risk in a multivariateesgion model that excluded IGFBPs; however,
addition of IGFBPs into the model showed that I&f4l levels predicted diabetes, although the
associations did not reach statistical significafieg. In our analyses, total IGF-I was not
significantly associated with incident diabetegither men and women; however it should be
noted that addition of IGFBP-3 into the model didiege the direction of the association, even if
the p-values were not statistically significanteTieasons for the inconsistencies reported by
IGF studies are unknown and further sex-strati§iedlies that control for confounders as well as
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IGFBPs are needed. Given the age-related diffeseinckSF protein levels, extrapolating results
from middle-aged adults to older populations shdagdlone cautiously.

Our analyses adjusted for several confounderseofelationship between IGF proteins and
incident diabetes, however, we cannot eliminateeffexts of residual confounders that are yet
to be identified. In addition, subgroup analysesenty older adults who were normoglycemic
and those with prediabetes at baseline showed@#BP-3 was directly associated with
incident diabetes; however this association reashegtstical significance only in the prediabetes
group. Possibly, our study was not powered to delifferences in risk in the normoglycemic
subgroup. Our study overcomes limitations of mamylar prior studies that have lacked
assessment of multiple confounders, have usedfafeg®rt without repeated glucose
measurements for ascertainment of DM status, akédbsex-specific analyses. Our study is
one of the largest to date in older adults, bigt imknown if results are the same in younger
adults. While we showed that associations wer@egespecific, women in CHS were uniformly
postmenopausal and it is unknown whether menopatetals or endogenous sex hormone levels
may influence the associations. Another strengih thie use of multiple sources to identify
diabetes cases including fasting and non-fastingage measures, use of diabetes medication as
well as use of administrative codes, which arei@arly important for frail elders least likely to
attend study visits.

Conclusion

In conclusion, circulating levels of IGFBP-3 ars@dated with risk of diabetes in women but
could not be shown to be associated in men. Thedmfs may be informative for determining
which patient populations will benefit from diab&fgevention programs.
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Table 1: Baseline Characteristics of the Cardioviasdealth Study Participants

Characteristic 1993/1994

Women Men

N=1879 N=1254

Mean (SD) Mean (SD)
DEMOGRAPHICS
Age (years) 75.3 (4.9) 75.9(5.2)
Black Race, n (%) 272 (14.5) 152 (12.1)
ANTHROPOMETRICS
BMI (kg/m2) 26.6 (5.0 26.5 (3.6Y
CARDIOVASCULAR
Systolic BP (mmHg) 134.6 (20.6) 132.3 (18.8)
Diastolic BP (mmHg) 70.0 (10.8) 71.4 (10.8)
Hypertension, n (%) 823 (43.8) 473 (37.7)
Cholesterol (mg/dL) 209.0 (34.0) 188.0 (33.3)
INFLAMMATION
CRP (mg/L) 5.2 (9.4F 4.1 (7.1)
GLUCOSE METABOLISM
Fasting glucose (mg/dL) 96.9 (95) 98.8 (9.5Y
2-hour glucose (mg/dL) 137.5 (44.8)* 127.9 (41.3)*
Fasting Insulin (IU/mL) 14.4 (6.3 14.4 (6.2
2-hour Insulin (1U/mL) 85.2 (63.0)* 73.7 (52.7)*
Adiponectin (mg/L) 16.2 (7.9) 115 (5.9)
BEHAVIORS
Physical Act (Kcal/wk) 1321 (1603) 1885 (1980
Smoking, n (%) 175 (9.3) 106 (8.5)
Alcohol (drinks/week) 1.6 (4.3) 3.5(7.0)
MEDICATION
Hormone therapy n (%) 299 (15.9) n/a
IGF BIOMARKERS
Total IGF-I (ug/l) 92.7 (30.7) 106.5 (34.2)
IGFBP-3 {1g/l) 3734 (843) 3398 (804)

"'Variables were log-transformed

* Oral glucose tolerance tests were not performie¢tlea1993/1994 visits. Thus, values reported azama (sd) from
1996-1997 visits.

@Values reported are extracted from data collecteihd the 1992-1993 visits. For BMI, height was sw@ad at the
1992-1993 visits.

IGF-I: insulin-like growth factor-1, IGFBP: insulitike growth factor binding protein, BP: blood psese, CRP: C-
reactive protein, 2-h: 2-hour measure.
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Table 2: Correlations between IGF Variables andddiates.

Total IGE-| IGFBP-3
\Women Men Women Men
Age -0.06° -0.17 -0.14 -0.23'
BMI © 0.05 0.05 0.04 0.09
Systolic BF -0.0% -0.01 -0.02 0.02
Diastolic BP 0.03 0.04 0.01 0.09
Cholesterol 0.1 0.06 0.21° 0.22
Fasting glucosé 0.17 0.01 0.18 0.06
2-h glucos¢ 0.08° 0.04 0.14 0.05
Fasting insulin® 0.1~ 0.04 0.1~ 0.0¢
2-h Insulin* 0.13 0.1° 0.15 0.09
Adiponectin -0.05 -0.13 -0.17 -0.15'
Physical Activity® (kcal/wk) -0.02 0.02 0.01 0.05
Alcohol (drinks/wk) -0.03 -0.04 0.07 0.08'
CRP*® -0.06 -0.01 0.01 -0.03

"' Variables were log-transformed
* For correlations with total IGF-I and IGFBP-3, agires from 1996/1997 visits were used since duabge

tolerance tests were not performed at the 1993/48%. IGF-I: insulin-like growth factor-I, IGFBRnsulin-like
growth factor binding protein, BP: blood pressi@&P: C-reactive protein, 2-h: 2-hour measure. Ray#ictivity
was measured in kilo-calories per week and alcefasl measured as number of alcoholic beveragesget. w
®Values reported are extracted from data collecteihd the 1992-1993 visits. For BMI, height was sw@ad at the

1992-1993 visits.
a: p<0.05

b: p<0.01

c: p<0.001

d: p<0.0001

Table 3: HRs (95 % CI) for Incident Diabetes byikes of IGF proteins in women (n=1879)

Hazard Ratios (95% CI)

Tertile 1 (n=627) Tertile 2 (n=626) Tertile 3 (N2 p-value (trend)
Total IGF-I, (pg/l) 26.5—-77.4 77.4—-101.3 101.3 — 281
Subjects, cases/to 79/627 87/62¢ 102/62¢
Adjusted for age, race and BMI ref 1.04 (0.77 1}.4 1.28 (0.95-1.72) 0.09
Multivariate adjusted ref 0.80 (0.57 - 1.12) 0(@4%60 - 1.09) 0.171
IGFBP-3, (ng/l) 1425—3357 3358—4077 4078—6841
Subjects, cases/total 64/627 82/626 122/626
Adjusted for age, race and B ref 1.30 (0.93- 1.80° 1.94 (1.4%- 2.64 0.000:
Multivariate adjusted ref 1.52 (1.07 - 2.16) 2.30%56 - 3.40) 0.0001

Multivariate adjusted: age, race, BMI, smokingpdilal, cholesterol, hypertension, C-reactive prqotphysical

activity adiponectin, and fasting insulin. For KgMMultivariate adjusted models adjusted additibnfor IGFBP-3

levels; for IGFBP-3, Multivariate adjusted modetfusted additionally for IGF-I levels.

Table 4: HRs (95 % ClI) for Incident Diabetes bytiles of IGF Proteins in Men (n=1254)

Hazard Ratios (95% CI)

Tertile 1 (n=418) Tertile 2 (n=418) Tertile 3 (n8)1 p-value (trend)
Total IGF-I, (png/l) 24.9 — 89.6 89.7 —116.4 116.5—4124
Subjects, cases/total 62/418 55/418 60/418
Adjusted for age, race and BMI ref 0.81 (0.56 -7).1 0.85 (0.59 - 1.22) 0.418
Multivariate adjusted ref 0.78 (0.52 - 1.17) 0.78 (0.49 - 1.25) 0.348
IGFBP-3, (ug/l) 1235- 3042 3043- 3727 3730- 7633
Subjects, cases/total 54/418 62/420 61/416
Adjusted for age, race and BMI ref 1.06 (0.74 3).5 0.95 (0.65 - 1.38) 0.763
Multivariate adjusted ref 1.14 (0.76 - 1.70) 1.066 - 1.71) 0.821
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Multivariate adjusted: age, race, BMI, smokingpdilal, cholesterol, hypertension, C-reactive prqotphysical
activity adiponectin, and fasting insulin. For IGRMultivariate adjusted adjusts additionally f@FBP-3 levels;
for IGFBP-3, Multivariate adjusted adjusts additiiy for IGF-1 level.
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