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ABSTRACT OF THE DISSERTATION

Dietary Factors, Biomarkers and Type 2 Diabetes Risk
in Postmenopausal Women: An Investigation of the Biologic

Pathway for Reduced Diabetes Risk by Diet

by

Rachelle Dawn Rodriguez
Doctor of Philosophy in Epidemiology
University of California, Los Angeles, 2012

Professor Frank Sorvillo, Chair

Oxidative stress and chronic subclinical inflammation are implicated ipath®logy of
type 2 diabetes (T2D). Consumption of vitamins and nutrients may dampen the harmful
oxidative stress, which normally perpetuates inflammation. Reduction of inlaommay
delay or reduce the risk of type 2 diabetes. However current research hasmailego
confirm the nutrient-inflammation inverse association. Further, postmenopausahwane a
different T2D risk and average C-reactive protein (CRP) concentratiamptéaenopausal
women or men of a similar age.

Moderate alcohol consumption is another dietary factor which has been assodiat@d wi
reduced type 2 diabetes risk. Limited evidence also suggests alcohol consumphen ma

associated with some sex hormones. Additionally, sex hormones have beeneabsottiaype



2 diabetes risk. However, sex hormones as mediators of the alcohol-type 2 disdxmtegian
have not been established.

The overall objectives of this dissertation were to examine the role ofnceiesary
factors (vitamins, nutrients, and alcohol) and inflammation or sex hormones in theggibiol
type 2 diabetes in postmenopausal women.

Three separate study designs, using 3 distinct datasets, were selest@date the
objectives of this dissertation. A cross-sectional study wasogmglto assess vitamins, nutrients,
inflammation and T2D risk with data from the NHANES survey, a stratified, rraggs
probability sample of the civilian noninstitutionalized U.S. population in 2003-2006. Cross-
sectional data from a nested, matched case-control study within the WomaltfsIHigiative-
Observational Study (WHI-OS) were used to examine the separate retdtchetary or
supplemental nutrients to biomarkers of inflammation. Prospective data fratclet, nested
case-control study within the Women’s Health Study (WHS) were used tarexainether
circulating concentrations of sex hormones were associated with alcokel antanediatedhe
alcohol-T2D association.

Nutrient concentrations measured in NHANES were different in postmenopausahwome
than in premenopausal women, but were similar to men. The nutrients were not assattiated w
reduced inflammation and T2D risk in postmenopausal women. WHI-OS data resictisein
that dietary vitamin C, beta-carotene, and alpha-carotene as well as supglertentn E and
beta-carotene are modestly inversely associated with concentratigissemhis inflammatory
biomarkers among postmenopausal women. The WHS cross-sectional analysis gositwe

associations between alcohol intake and endogenous estradiol concentrationstiVr Wsbts



data suggested that baseline concentrations of estradiol and SHBG might influeaiceltble

T2D association in postmenopausal women.
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CHAPTER 1

Background

1.1 Epidemiology of Diabetes

Diabetes is a growing concern for the United States population as theepoevahd
incidence continues to increase. In 2007, an estimated 23.6 million (7.8%) people in the United
States had diabetes and an estimated 57 million had prediabetes.(1) In the tdtetedl$.2%
of all men and 10.2% of all women (aged >20 years) have diabetes.(1) Accounting for
approximately 90% to 95% of all diagnosed cases of diabetes, type 2 diabetess(hon-i
dependent diabetes mellitus) is associated with obesity, older age, fanaty,himpaired
glucose metabolism, physical inactivity and race/ethnicity.(1) Figdréigjhlights the
increased prevalence of diabetes in those 65 years and older and in men 45 yeaes.eBidadd
the mid 1990s the US has experienced a profound trend for increasing diabetesgaevale

The populations at highest risk are American Indians, African Americans, and
Hispanic/Latino Americans.(1) The total prevalence of diabetes byethnaity is 14.2% for
American Indians and Alaska Natives, 11.8% for non-Hispanic blacks, 10.4% for
Hispanic/Latino Americans, and 6.6% for non-Hispanic whites. Diabetes is Issthd aeventh
leading cause of death among Americans, but is listed 3rd-4th among older (i) et
minorities, not accounting for underlying or associated causes.(2) Diafskticluals have
almost twice the risk of death compared to non-diabetic individuals according taited U
States 2006 death certificates.(1)

Among 65 to 74 year old Americans the prevalence of diabetes among womerteis grea
than that for men (Table 1-1), which is not evident in Figure 1-1. Diabetesadiageause of

death among middle-aged American women.(2) Diabetes is one of the leading ugdeigas



of death among women aged 65 years and older.(2) Further, the secondary dssssiesed
with type 2 diabetes are of major concern due to the severity (and cost) of thosesdisea
including: heart disease, stroke, high blood pressure, blindness, kidney disease, netemus sys

disease, dental disease, pregnancy complications, and amputations.(1)

1.2 Biology of Diabetes

Type 2 diabetes is diagnosed through an impaired glucose tolerance (@dose level
after 2-hour oral glucose tolerance test of 140-199 mg/dL) or impairedgagticose (fasting
glucose level of 100-125 mg/dL), also described as “insulin resistance” ordpedes.” “Insulin
resistance is defined as a defect in the ability of insulin to drive gluctwsgés major target
tissue, skeletal muscle. In the early stages, insulin resistance ismsatgd by an increase in
pancreatic insulin secretion”.(3) Prediabetes can progress into type 2 diabietess
characterized by increased levels of glucose (fasting blood sugar>125 on@diour oral
glucose tolerance test level>200 mg/dL).(4)

B -cell function and insulin sensitivity are involved in maintaining glucose lebgls.(
Reduced action by decreased numbefsa#lls of the pancreas, which secrete insulin,
eventually results in type 2 diabetes.

An increase in inflammatory biomarker concentrations is present in obese individual
(Table 1-2). Biomarkers of inflammation, including tumor necrosis faatOFrNF- o),
interleukin-6 (IL-6), and C-reactive protein (CRP) have been associated aaiunes of insulin
resistance, insulin secretion and the development of type 2 diabetes. (6-1)eReaaden
species(12;13) and free fatty acids(12) may play a role in the insulin sigpatimgays.

Small increases in TNE-nhibit the insulin signaling pathway and interfere with glucose

transport(14). TNFe is suggested to only act locally to inhibit insulin signaling.(15) IL-6



suppresses insulin-dependent insulin receptor autophosphorylation (interferingswith i
sensitivity). IL-6 is systemic and enhances hepatic glucose productiondhjases LDL
production(12;15) and triglycerides in liver(12), and insulin resistance in muscle(12:85)
induces IL-PB production which impairs insulin signaling and action in vitro.(16)

The onset of menopause influences a change in the distribution of fat stores from the
gluteal-femoral area (subcutaneous adipose tissue), to the abdomen (vispesa assue),
thereby increasing diabetes risk in menopausal women compared to premenopewesal The
visceral adipose tissue is responsible for the majority of the proinflamneatokine (IL-6 and
TNF-a) production in the body.(17) These cytokines induce CRP production by the liver. CRP
concentrations have been inversely associated with antioxidant blood concentrations in a
representative sample of the US general population (NHANES).(18) Addiyiom&in of a
similar age to postmenopausal women may not share the same risk due to the hormonal

differences earlier in life. Therefore postmenopausal women compuisgue diabetes risk

group.

1.3 Diet, Inflammation and Diabetes
1.3.1 Overview

Many foods contain nutritional factors which may have potent antioxidant and/or anti-
inflammatory effects. Specifically, food groups and nutrients high in antiosid@a®caffeinated
filtered coffee(19), regular filtered coffee (20), antioxidant vitamins andxaaént
nutrients(21;22)], dietary sources of certain unsaturated fatty acids [nutseas{23),
monounsaturated fatty acids(22)], minerals [magnesium(24)], fiber(25), and teceight
alcohol consumption(26-33) [total ethanol intake(34) and red wine(26)] have been idestified a

potential dietary components which may inhibit chronic inflammation. The benefédacing

3



inflammation is more pronounced for those in a state of chronic inflammation(28), such as
overweight individuals or smokers.(24;35) CRP concentrations were inversel\atssoadth
antioxidant blood concentrations in the US general population.(36)

Current research has also identified dietary factors which overlap with fogideduce
inflammation. Many plant-based foods and nutrients provide a reduced risk f& dypeetes
including: vegetables (green leafy; dark yellow(37)), carotenoids(38;3gjeaam(35;40-43),
coffee(44-48), vegetable fat(49;50), nuts(51), fiber(40;52), whole-grain(40;41;49;53), and
glycemic index(52). In other studies, the following were unrelated to dialstesefined
grains(40), fruit and vegetables(40), soluble fiber(40), glycemic load(52), glyasaex(40),
monounsaturated fatty acids (Mediterranean diet, olive 0il(54)), carotenc#ls)5&nd vitamin
E(58). In other studies glycemic index, glycemic load(59;60) and refined grab3(4&re

associated with an increased risk for type 2 diabetes.

1.3.2 Antioxidants, Vitamins and Nutrients

Individuals consuming a healthier diet rich in antioxidants are at lower riskger2
diabetes. Antioxidants quench damaging reactive oxygen species antiaadgicaeactions.
Current research, however, has not yet fully determined if dietary araimgidr nutrients play a
role in the prevention of type 2 diabetes. CRP concentrations have been inveseite$svith
antioxidant blood concentrations in a representative sample of the US generatiqog6ils
However, some studies did not find an association between several dietary amitsoxith
nutrients and risk of type 2 diabetes.(62;63)

Dietary vitamins and nutrients(21;22;38;39;64) may reduce the risk of developing type
diabetes, increase insulin sensitivity and improve glucose tolerance theolugied

inflammation. Vitamin E, vitamin C, beta-carotene, alpha-carotene, and lycopane ha



antioxidant properties. Selenium is an antioxidant nutrient which alone has no antioxidant
function, but when it interacts with vitamin E, it enhances vitamin E’s antioxidautef6t5)
The bioavailability, clearance, regulation, antagonism and potency (biogabivthe dietary
nutrients will determine the effective exposure of normal dietary intdikée mutrients on
oxidative stress.

Vitamins in the body are either water soluble and react inside the cell, in $heapba
within cells or are lipid soluble and react in the cell membrane. Common water suolti@ats
include vitamin C, glutathione and lipoic acid. Lipid soluble nutrients include vitamin E,
coenzyme Q, vitamin A, retinyl palmitate, carotenes, and lycopene.

Vitamin E supplementation increased plasma levels by 84% when taken with ameal a
compared to 29% when taken alone because it is lipophilic.(66) Another source sud@ests vi
E supplementation bioavailability is around 50%.(65;67) Alpha-tocopherol is the most
bioavailable among the eight vitamin E vitamers. Additionally the cleairartbe slowest.
Alpha-tocopherol levels are regulated however; large quantities of alpha-tocaamresumption
can only double the serum levels. Gamma-tocopherol is also a highly activenaawitamin E
and is one of the highest dietary vitamers available in the Western diet, hptlvevedbsorbance
is slower and the half-life is much shorter than alpha-tocopherol. Further levigdbaf a
tocopherol inhibit the levels of gamma-tocopherol, but the reverse is not true. Oth@rsitam
also have antioxidant activity, but because of the limited information availablée it
guantities consumed, they were not evaluated further in this research.

Beta-carotene is a dietary nutrient which has a substantial bioactivityacedno other
antioxidant vitamins. The bioavailability of beta-carotene is reduced subBjainécause of

degradation in the gut to constituents which are later converted into vitamin A. (67)



Approximately 35% of beta-carotene is absorbed intact. Beta-caroteisedsvéirectly related
to levels of consumption. Alpha-carotene has similar bioactivity as betawa(®8) and is also

a precursor to vitamin A at about half the rate of beta-carotene.(69)

1.3.3 Antioxidant Index

Perhaps the difficulty in determining an association between vitaminsuéehts and
diabetes risk is due to the small contribution each provides in reducing inflammatdmgA
the effects of all potential contributors together may demonstrate ato@leneasurement that
could be potent enough to clearly detect a difference in diabetes risk. Bdwmbszavailability
and potency (bioactivity) of dietary nutrients interact to influence the sfé@etss of other
antioxidants and nutrients on oxidative stress, antioxidant scores have been creapédré the
cumulative effects of dietary nutrients. However, existing scores do not aglgqatount for
exposure levels, such as the bioavailability of the nutrient.

For example, Wright and associates(70) developed a total dietary antioxidantAjde
including vitamin E, carotenoids, flavonoids, vitamin C and selenium that was shown to be
inversely associated with lung cancer risk. Other dietary antioxidant irffdit®s a similar
approach with equal weighting of the individual antioxidants.(71;72) This method is not
considered optimal, however, because it does not take into account the biology of the nutrients,
such as the potency and bioavailability.(73) Others have improved the antioxidarttyndex
including the antioxidant potency of the nutrient in calculating the dietary totakiaant
capacity of foods (TAC).(74;75) However, bioavailability has not been accountettfmse

antioxidant indices.



1.3.4 Alcohol

Moderate to light alcohol consumption has been found to have an inverse association
with glucose intolerance, insulin resistance, and incidence of type 2 digB&t&§) however,
the mechanisms underlying the benefits from alcohol intake are not completelgtoode
Conversely, light to moderate alcohol consumption in a multi ethnic cross-sestiagal
demonstrated that previously reported beneficial associations with insndiigty may be due
to body mass index (BMI) and central adiposity profiles which are more favaoatigher
insulin sensitivity.(76)

There are likely many factors within each type of alcohol that intetplayoduce the u-
shaped response curve previously reported(26-33). Ethanol has been suggested as one possible
constituent in alcohol beverages which could be responsible for the observed protective
effect.(34) The types of alcohol consumed require further evaluation to bettgaasif any
specific constituents in an alcoholic beverage contributes to its apparentipectéfiect against

diabetes.

1.4 Postmenopausal Women, Hormones and Diabetes Risk

An increased incidence of diabetes occurs in middle-aged and elderly woeren aft
menopause occurs(77), suggesting that hormones have a role in the natural histostes.diab
Sex hormones have been linked with the occurrence of diabetes, including estrpgen (+)
testosterone (+), sex hormone-binding globulin (SHBG) (-), and dehydroepianoinestelfate
(DHEAS) (+).(78)

Estrogens, in conjunction with low levels of progesterone, have been shown to improve
insulin sensitivity.(77) However, high estradiol levels alone increaseédtdmhbisk in both men

and women.(79) Studies have determined thdt ZE&tradiol increases insulin secretion through



its effects on pancreatic beta-cells. (77;80) A cohort study found that high tétektosterone
in women was associated with the increased incidence of insulin resistantey81)
testosterone levels in men is associated with increased insulin resigtghmcidence of type 2
diabetes.

Older studies suggest synthetic estrogens and progestins (oral contrafeptise IGT,
reduced insulin sensitivity and low beta-cell function while other more recehést
disagree.(5;77) The effect of synthetic estrogens and progestins may depeadtencid used
and route of administration.(77;80) Transdermal hormone therapy (estradiol atiisten@ne)
resulted in a lower prevalence of IGT than in the combined oral regimen insbwealinen.(82)

A study of postmenopausal women found that low levels of SHBG were associated with
increased risk of IGT and type 2 diabetes.(83) High levels of SHBG werepnobegtive in
women than in men.

Studies have reported mixed results of no effect or improved effect of DHEAS on insuli
sensitivity.(84) DHEAS has been shown to enhance insulin secreffeceihs in vitro and in
vivo.(84) DHEAS has been found to improve insulin sensitivity by inducing an increassegluc
transport activity.(84) Conversely, DHEAS may be a non-specific biomarkwroof
health.(85;86)

Estrogen decreases testosterone levels.(85) DHEAS is a precursbséart@rmones,
converting to testosterone then subsequently estradiol (Figure 1-2).(84;RidlyAvas
conducted which found that testosterone was positively associated with SHBG.(88)

Recently, sex-steroid hormones , including estrogen(5;77-79;81;89), testosterone(78;81),
SHBG(78;83;84), and DHEAS(78;84;90), have been linked with the occurrence of diabetes,

insulin resistance or IGT. Diabetes risk in women increases with theaimsehopause and the



concurrent decrease in estrogen,(77) highlighting the importance of this pdtmway
postmenopausal women. There is evidence that estradiol increases insatiorséwrough its
effects on pancreatic beta-cells.(77;80) DHEAS has been shown to enhance @tsetiorsin
beta-cells in vitro and in vivo(84) and improve insulin sensitivity by inducing an increase
glucose transport activity.(84)

Such diabetes-related hormonal markers may be important mediators in thatiassoti
alcohol consumption and diabetes risk. There is some evidence suggesting that alcohol
consumption might be associated with increased concentrations of the sex hormones
estrogen(89) and DHEAS; (86) however, due to limited data, the evidence is inconclusive.
Alcohol consumption, did not have an association with levels of testosterone in aging men.(91)
SHBG levels were not associated with alcohol intake in a cross-sectionabstud
postmenopausal women who were not taking hormone replacement therapy (HRT).(83)
Furthermore, it also remains uncertain whether the association betwewol alod sex-steroid

hormones differs by type of alcoholic beverage consumed.

1.5 Dissertation Objectives

The overall objective of this dissertation is to examine the role of certaarydfattors
with anti-inflammatory properties and inflammation or sex hormones in the pgyhol type 2
diabetes and to investigate whether these dietary factors are potent enanghitto i
inflammation or influence sex hormone concentrations thereby reducing the diskeddping

type 2 diabetes in postmenopausal women



1.6 Tables

Table1- 1. Age-Specific Percentage of Civilian, Noninstitutionalized Population with
Diagnosed Diabetes, by Race and Sex, United States, 2006
Age (years)

Race/Ethnicity Sex 0-44 45-64 65-74 75+
White Male 14 10.2 18.7 17.4
Female 1.6 9.2 15.6 14.3
Black Male 2.2 16.7 24.2 23.7
Female 2.5 15.2 34 25.7
Asian/ Male 1.2 11.1 15.2 30.6
Pacific Islander Female| 0.9 8.3 17.1 25.4
Hispanic Male 1.4 14.1 23.5 24.8
Female 1.2 16.5 27.9 23.8

Data Source: http://www.cdc.gov/diabetes/statistics/prev/natiorelfipremage.htm;
http://www.cdc.gov/diabetes/statistics/prev/national/tprevhfemage.htm;
http://www.cdc.gov/diabetes/statistics/prev/national/fig2004.htm
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Table 1- 2. Circulating Levels of Inflammatory Biomarkers in Normal Weight and @bes
Individuals.

Inflammatory Normal Weight/
Biomarker Non-Obese Obese

IL-6 (pg/mL)

Khaodhiar 2004(14) 0.1+0.1 32%25

Ziccardi 2002(15) 1.4+05 32+0.9

Van Guilder ~1.7 1.4+0.2

2006(16)
TNF-a (pg/mL)

Khaodhiar 2004 0.3+0.3 1.0+0.8

Ziccardi 2002 3.6+0.9 58+1.5

Van Gulider 2006 15+0.1 1.6+0.1
STNF RIl (ng/mL)

Khaodhiar 2004 1.1+0.9 12.9+6.9
CRP (mg/L)

Khaodhiar 2004 08+1.0 43+23

Van Guilder 2006 09+0.2 1.5+0.3
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1.7 Figures
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Figure1- 1. Percentage of Civilian, Noninstitutionalized Population with Diagnosed @sbe
by Sex and Age, United States, 1980-2006
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Figure 1- 2. Diagram of Sex Hormone Relationst
DHEA
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CHAPTER 2
Associations of vitamins, nutrients and CRP with type 2
diabetes risk in US postmenopausal women differ from

premenopausal women and men >50

2.1 Abstract

Subclinical chronic inflammation as measured by C-reactive protein (R&&H)een
shown to increase type 2 diabetes (T2D) risk. Postmenopausal women have iat diferesk
and average CRP concentrations than premenopausal women or men of a similar ragyets Nut
are thought to be able to reduce inflammation through inactivation of reactive oygyeess
However, the possible role of nutrients on inflammation and T2D remains uncertain. We
evaluated vitamin (vitamin C, alpha tocopherol), nutrient (lycopene, trans betanegrcis beta
carotene, alpha carotene), and CRP serum levels with T2D risk in postmenopgauneal and
compared these results with premenopausal women and men 50 years or older. The data used i
this cross-sectional study were from the NHANES survey, a stratifietistage probability
sample of the civilian noninstitutionalized U.S. population in 2003-2006, including 1471
postmenopausal women, 2494 premenopausal women and 1442 men.

Nutrient concentrations were different in postmenopausal women than in premenopausal
women, but were similar to men. Both T2D and non-diabetic (ND) postmenopausath Wwacthe
higher nutrient concentrations (vitamin C: T2D=1.26+0.05, ND=1.30+0.03 mg/dL; alpha
tocopherol: T2D=1.65+0.04, ND=1.55+0.02 mg/dL,; trans beta carotene: T2D=20.47+0.87,
ND=23.51+0.46ug/dL; cis beta carotene: T2D=1.62+0.05, ND=1.75+Q@R&IL; alpha
carotene: T2D=4.62+0.16, ND=5.37+0.0§/dL) than premenopausal women (vitamin C:

T2D=0.91+0.07, ND=0.87+0.01 mg/dL; alpha tocopherol: T2D=1.28+0.05, ND=1.06+0.01
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mg/dL; trans beta carotene: T2D=11.08+1.33, ND=11.73+0g28l; cis beta carotene:
T2D=0.95+0.08, ND=0.85+0.02g9/dL; alpha carotene: T2D=3.22+0.29, ND=4.23+0QuQHL),
except for lycopene which was lower (postmenopausal: T2D=38.26+1.26, ND=43.20+0.68
ug/dL; premenopausal: T2D=43.81+1.94, ND=51.70+Q@RIL). Nutrient concentrations were
similar between postmenopausal women and »»€nyears. Adjusted cross-sectional

associations (odds ratios) between nutrients and inflammation in postmenopausalnanged

from 0.44 to 0.57 however, the 95% confidence intervals were very wide. Premenopausal
women and men had similar results, except positive non-significant associatltoi2y were
observed with lycopene in both and with alpha tocopherol in men. The nutrients examined were

not associated with reduced inflammation and T2D risk in postmenopausal women.

2.2 Introduction

Type 2 diabetes (T2D) is characterized by insulin resistance, subclinroaic
inflammation and oxidative stress.(1-3) Damaging reactive oxygen spih@dsllmark of
oxidative stress, are present with chronic subclinical inflammation and pegpetilmmation
by damaging tissue, including beta cells, and increasing insulin resistadgdirftioxidants, by
their nature, can inactivate reactive oxygen species, rendering thene$gmant thus can reduce
the level of inflammation.(4) A diet rich in antioxidants can increase the adibcapacity of
the blood.(5-9) However, conflicting evidence exists whether dietary suppldimemablood
concentrations of vitamins and nutrients can reduce concentrations of the infteynmat
biomarker, C-reactive protein (CRP). (10-12) Further, many studies havenexkitinée
relationship between individual nutrients and T2D risk, definitive results have roteet

established, particularly in postmenopausal women.(13-17)
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Women of postmenopausal age have a dramatically increased T2D risk compared to
premenopausal women but variable T2D risk by race compared to men(18), rendeniag the
unique T2D risk group. Subclinical chronic inflammation, as measured by CRP, is thiwbght t
partially responsible for the increased T2D risk.(19;20) Postmenopausal waradrparticular
interest because the transition into menopause causes an increase in CleRisHabist an
increase in visceral adipose tissue storage.(21) and CRP concentrat®ehedawbserved to be
higher in women than in men.(22;23) Determining whether antioxidants influence CIRP leve
and T2D risk in postmenopausal women may provide insights on prevention approaches.

To further evaluate the possible role of nutrients in reducing CRP levels andsk2D r
postmenopausal women, we examined serum vitamin, nutrient, and CRP concentrations and
assessed possible associations with T2D. We also evaluated whetherdbeisgi@ss of
nutrients on CRP levels and T2D risk are modified in postmenopausal women by cortiparing

findings in this risk group with premenopausal women and men over 50 years of age.

2.3 Subjects and Methods
2.3.1 NHANES Subjects

The data for this study were obtained from the NHANES survey, a complafiestrat
multistage probability sample of the civilian noninstitutionalized U.S. population in-2003
2004(24) (n=10,122 participants) and 2005-2006(25) (n=10,348 participants). Three stages of
data collection were conducted. First the participants were screened@ision in the study
sample. Then the participants were interviewed on a variety of healtber&dpics. Finally the
participants underwent a medical examination in which blood and urine sampleslieated
in the mobile examination center (2003-2004: n=9,643, 2005-2006: n=9,950). Several

subpopulations were oversampled during the 2003-2006 study years: elderly individuals,
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adolescents, pregnant women, Mexican Americans, African Americans, airaclmwe non-

Hispanic white persons. Details of the design and variables of the NHANES 2002:&084d
2005-2006(27) datasets have previously been described. Postmenopausal women, nonpregnant
premenopausal women and men 50 years or older who underwent the health examination and did
not have childhood onset diabetes, pre-diabetes or type 1 diabetes are included iry#igs anal

Only individuals with fasting blood samples were included because fasting bloodeglecels

were used to determine if the individual had T2D. The final sample included 1471
postmenopausal women (1347 free of diabetes and 124 with type 2 diabetes); 2494
premenopausal women (2453 free of diabetes and 41 with type 2 diabetes); and 1442 men aged

50 or greater (1294 free of diabetes and 148 with type 2 diabetes).

2.3.2 Laboratory Methods

All NHANES laboratory methods are detailed in laboratory manuals by egear2
survey. In summary, CRP was measured in serum using latex-enhanced nephelometry
Behring Nephelometer.(28) Particles consisting of a polystyrene rdra ydrophilic shell
were used to enhance the assay. The particles are used to covalently bind mouse rhonoclona
anti-CRP antibodies. The test sample containing unknown CRP was diluted then ithixie w
anti-CRP antibodies linked to the particles so CRP can bind to the anti-CRP afitikedy-
particles. The light scattered was measured by nephelometry and wasipnapto the
concentration of CRP in the test sample. An automatic blank was subtracted froratheed
value then calculated using a calibration curve. A logit-log function was usetetmde the
concentration of CRP. Based on the inflammatory biomarker concentrations reported by
Khaodhiar et. al.(29), CRP levels greater than or equal to 1.3 mg/L are consideagebele

(inflamed) for this study.
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The following vitamin and nutrients were measured in serum: algl@herol, lycopene,
trans beta carotene, cis beta carotene, and alpha carotene.(30) Alpha to@gheaobtenoids
were measured using high performance liquid chromatography (HPLC) with photodmgde a
detection. Serum (106L) was mixed with a solution of ethanol and 2 internal standards. The
aqueous phase containing the micronutrients was removed, re-dissolved in ethanol and
acetonitrile, then filtered. The filtrate was then injected into a C-18 e¥@tsase column, then
isocratically eluted with a solution containing equal parts of ethanol and acktdmobile
phase). Spectrophotemetry was used to measure absorbance. The absorbanememtssdr
the micronutrients were linearly proportional to the concentration. Absorbance peach of
micronutrient are then compared to known concentrations of the micronutrient toygtrentif
concentration.

Vitamin C was measured in serum by isocratic HPLC with electrochkedatection.(31)
To stabilize the ascorbate, the serum was acidified by mixing 1 part sattud parts 6% MPA.
The test sample was then frozen at -70°C. Upon analysis, the sample was thawed at room
temperature then centrifuged. The supernatant was removed for analysisedavith a
solution of trisodium phosphate and dithiothreitol then 1-methyl ur@; asi an internal standard.
Again to stabilize the ascorbate, the test sample was mixed with 40% MPA. {T$entete was
then filtered and injected onto a C-18 reversed-phase column. The test sampleadasith a
mobile phase solution then adjusted to pH 3.0 = 0.03 using a 10N sodium hydroxide solution.
The peak area was measured, then the concentration of the test samplewasedktsing a
standard curve developed with 3 external standards.

Triglycerides were measured in serum through a series of reactions.(32) The

triglycerides were first converted into glycerol then, oxidized to genekfde The HO;
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concentration is quantified by measuring the absorbance of a color indicator. Tiséyraéthe
color is proportional to the triglyceride concentration. Triglycerides wageroeasured in the
half of the MEC population who were fasting at the time of the examination. hblesterol
was calculated using concentration measurements of total cholesigiyaietrdes, and HDL
cholesterol. As a result LDL cholesterol concentration values were aalglale for the

population who had triglycerides measurements.

2.3.3 Diabetes Definition

An individual was classified as having T2D if previously diagnosed with diabetas by
physician after age 18 and was not taking insulin at the time of the interdidditionally, an
individual was categorized as being diabetic if their fasting plasmasguevel was greater than
or equal to 126 mg/dL, consistent with the American Diabetes Associationtidaf(33) An
individual was classified as being pre-diabetic if fasting plasma glugas greater than or equal
to 100 but less than 126 mg/dL.(33) Pre-diabetic individuals were not included in thesanalys
because they did not meet the diagnosis criteria for T2D (the disease aftjraatewere not an
appropriate comparison group, as their risk of developing T2D was much larger thandha g
population. An individual was classified as being non-diabetic if fasting plgkrmase was less
than 100 mg/dL, consistent with the American Diabetes Association definition(33hyeand t

individual was not previously diagnosed with diabetes.

2.3.4 Variables

Additional important covariates that are recognized correlates of type 2ediamet
represent potential confounders include age, ethnicity, BMI, physical acheitjmone
replacement therapy (HRT) use, smoking, family history of diabetes, adérge

* Age in years was measured at the time of the evaluation.
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» Ethnicity was categorized into the following groups: Non-Hispanic whit&-N
Hispanic black, Mexican American and other. These ethnicity groups wersteonsi
with the original NHANES categorization except the group Other Hisparsc wa
combined with other.

* BMI (kg/m2) was categorized according to the World Health Organizationititefis
for overweight and obese for descriptive purposes, but used as a continuous variable
in the models.

» Physical activity was assessed combining various physical gctixaduations into
the following 2 general categories: sedentary to light activity (&¢tess than 9
times per month) and moderate to greater activity (activity 9 or mors pere
month). The US Department of Health and Human Services(34) states that health
benefits are observed for adults engaging in aerobic activity at least3genweek.
Since 2 times per week would equal 8 times per month, individuals who engaged in
physical activity less than 9 times per month were categorized as sgderiight
activity. If a person engaged in physical activity 9 or more times per muarihat
individual was categorized as moderate to greater activity.

* Recently, estrogen(35-40) has been linked with the occurrence of diahsiés,
resistance or IGT. Diabetes risk in women increases with the onset of memapédus
the concurrent decrease in estrogen,(35) highlighting the importance of this pathway
for postmenopausal women. There is evidence that estradiol increases insulin
secretion through its effects on pancreatic beta-cells.(35;41) Since type t2sliabe
not an acute onset disease, the use of HRT was only considered a relevant exposure in

this study if used for one year or longer. Therefore HRT use, including both patch
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and pill, of greater than one year was divided into: any estrogen HRT ostiogen

HRT. An individual with less than one year exposure to HRT was categorized as no
HRT.

Smoking was categorized into the following 2 groups: never or former smoker and
current smoker.

Family history of diabetes was a binary variable: yes or no.

Gender was categorized as men and women then further subcategorized into:
premenopausal women, postmenopausal women, and men greater than or equal to 50
years old. Men were subcategorized according to age groups that aligmdaosé

age groups used for postmenopausal women. Men less than 50 years are not reported
in this study because they were not considered a relevant comparison group for
postmenopausal women. However, young men were not excluded from the analysis
due to statistical requirements for the use of weighting in the complexistratif

multistage probability sampling method used in NHANES.(42)

2.3.5 Statistical Methods

Frequencies and percents of select participant characteristicsamepaited using SAS

proc surveyfreq and unadjusted means. The means and 95% confidence intervals were

calculated.

Since this was a complex sampling design, the weights for the mobile examicetier

evaluations were used. SAS software version 9.2 was used for this analysiidlis account

for oversampling, non-response and non-coverage.(3)

Micronutrient means and 95% Cls were adjusted for age, BMI, race, famiyyhist

diabetes, physical activity, HRT with estrogen, triglycerides, LBalesterol, smoking, and
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gender (for male versus female comparisons) using proc surveyreg. GiahidPa Software
(version 5.03, GraphPad Software Inc., La Jolla, CA) was used to generate gregsts.oh the
adjusted data were used to test differences between non-diabetic and T2&npgpstmsal
women and to test differences between postmenopausal women and both premenopausal women
and men 50 years or older.

Logistic regression was used to evaluate the association between s@né@RP
levels and T2D for postmenopausal women. BMI, age, race, physical activity, HRT w
estrogen, LDL cholesterol, triglycerides, smoking status and familyririef diabetes were
included in the models as potential confounding variables. Adjusted odds ratios and 95%
confidence intervals were calculated for each variable of interest. Giaeratv nutrient levels
were skewed, we compared the first and the fourth quartiles for the odds ratiobs.2-TH) The
odds ratio indicates the proportional change in risk of the outcome (either inflammal 2D)
for the fourth (highest) quartile versus the first (lowest) quartile. ¥amele, an odds ratio of
0.85 would indicate a 15% decrease in outcome occurrence in the fourth quartile veissis the f
guartile of a nutrient concentration. All statistical analyses werdumtaed using SAS (version

9.2; SAS Institute, Cary, NC).

2.4 Results

The majority (47.8% - 81.7%, range by group) of this population wagipanic white.
(Table 2- 2) Known T2D risk factors were evaluated (unadjusted) among all 540duiats
who met the inclusion criteria for this study from NHANES years 2003-2006&idindils with
T2D were older (mean range: 48.8-66.9 years) than those without diabetes (35.4-62.6\ years
majority of the study population was non-Hispanic white (range: 47.8% - 81.8), followed b

non-Hispanic black (8.8% - 13.3%). Individuals with T2D had a higher prevalence of obesity
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(range: 44.3%-71.0%) compared to non-diabetic individuals (27.8%-31.3%). Individuals with
T2D reported a family history of diabetes (range: 59.0% - 81.9%) more often than ndrecdiabe
individuals (35.1% - 47.0%).

Since CRP is generally accepted as a predictor for T2D, we tested whetdata in our
population of postmenopausal women was consistent with this claim. The adjusted mean [95%
Cl] serum CRP concentration was indeed higher in postmenopausal women with T2D (4.7 [4.0-
5.4] mg/L) than in non-diabetic postmenopausal women (4.2 [3.9-4.6] mg/L). (Figure 2- 1) CRP
concentrations in T2D premenopausal women were higher than in non-diabetic womeah but ea
of the group means were substantially higher than the corresponding groups for postisanopa
women. Men 50 years or older did not have a discernable difference between non-aabetic

T2D men. Mean CRP concentrations were comparable to those in postmenopausal women.

Additionally, the unadjusted association of CRP (highest quartile versus lowdsefjuar
with T2D in postmenopausal women was consistent with this claim (OR 3.6 [95% CI 1.0-13.2]).
(Table 2- 3) However, the adjusted (including BMI) association of CRP withwi&Dnot
consistent with the claim (0.6 [0.2-2.3]). Similar results were observed in menrSQyedder,
but due to the small number of premenopausal women with T2D the CRP-T2D association could

not be determined.

We tested whether each serum nutrient concentration (highest quadils ie@xest
guartile) was associated with inflammation (CRP). We found inverse assnsibetween
nutrients and inflammation in postmenopausal women with adjusted odds ratios ramging f
0.44-0.57, however none were statistically significant. (Table 2- 3) In premenopansah all
nutrients except lycopene were inversely associated with inflammatibe adjusted models.

Lycopene was positively associated with inflammation (OR 5.2 95% CI [1.6, 17.0]), although
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there were only five women in the lowest quatrtile of lycopene with>3EPng/mL and there
were no women in the highest quartile of lycopene with €IRPmg/mL. Men 50 years or older
had inverse associations between nutrients and inflammation ranging froe.@&0®nly
lycopene and alpha carotene were significantly associated with redicdidisal inflammation
risk in men 50 years or older (OR 0.03, 95% CI [0.0-0.42]; OR 0.17, 95% CI [0.05-0.6],

respectively).

To further evaluate the hypothesized pathway where nutrients reduce iafliemisind
thereby reduce T2D risk, we examined the relationships between nutridni2@2. Among
T2D postmenopausal women, the adjusted nutrient concentrations were digtibtieaent
than those in non-diabetic women (p<0.05). (Figure 2- 1) Lycopene, trans beta caisteet,
carotene, alpha carotene, and vitamin C mean adjusted concentrations \eelia 62D
postmenopausal women than non-diabetic women, while alpha tocopherol was higher. Mean
adjusted nutrient concentrations in men 50 years and older were similar to postma&nopaus
women, although statistically significantly different due to the largekasize in NHANES.
Overall premenopausal women (non-diabetic and T2D) had higher mean adjusted domtentra
of lycopene and lower trans beta carotene, cis beta carotene, alphaesasitaenn C, and alpha
tocopherol than postmenopausal women and men 50 years or older. Contrary to postmenopausal
women and men 50 years and older, T2D premenopausal women had higher mean adjusted cis

beta carotene concentrations than non-diabetic women.

Correspondingly, all nutrients had inverse adjusted associations with T2D in
postmenopausal women (range: 0.24-0.75), however none were statisticallgangn{fiable 2-

3) Only trans beta carotene in premenopausal women (OR 0.3, 95% CI [0.0-0.3]) and men 50
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years or older (OR 0.5, 95% CI [0.2-0.98] or vitamin C in men 50 years or older (OR 0.3, 95%

Cl1[0.1-0.7]) had statistically significant inverse associations with T2K ri

2.5 Discussion

Our study highlights important differences, as well as some similaritipgasma
nutrient profiles and CRP concentrations and cross-sectional associatiwsesrbet
postmenopausal women and two comparison groups (premenopausal women and men of a
similar age) by T2D status. Postmenopausal women had higher adjusted nomdenti@tions
than premenopausal women, except for lycopene where the concentrations were lowe
Postmenopausal women had similar adjusted nutrient concentrations as men 50qtdars or
However, adjusted mean CRP concentrations were higher in T2D postmenopausal women
compared to T2D men. The inverse associations observed in all three groups forsnuitinent
inflammation were only significant in men 50 years or older for lycopene and Gpbizne.
Similarly, inverse associations (although most were not significant) eserved in all three
groups for most nutrients with T2D.

Each vitamin or nutrient has unique properties which influence blood concentrations and
antioxidant capabilities. We found that lycopene concentrations were lower mepagtausal
women than premenopausal women. This finding may be explained given that lyspenhas
common in supplements as the other vitamins and nutrients. The adjusted mean lycopene
concentration in postmenopausal women from NHANES was contained within the range of 23.1
to 105.8ug/dL reported in the literature.(43-45) Previous studies examining dietaryasmdapl
lycopene and T2D did not detect an association. (15;16) Lycopene did not clearly dat@@mstr

association with reduced T2D risk in our study population.
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Trans and cis beta carotene concentrations were higher in postmenopausalheomen t
premenopausal women, but similar to men. The adjusted mean concentration of trans and cis
beta carotene was lower than the total beta carotene range of 45.6,ig/88.2&ported in the
literature. (43-45) Previous studies did not detect an association between sugglanent
plasma beta carotene and type 2 diabetes risk.(14;16;17) In contrast, weldetenteerse
association of serum trans beta carotene with T2D in premenopausal women and eas 60 y
older.

Speculation about the slightly elevated alpha carotene concentration in postmahopaus
women compared to premenopausal women is more difficult to explain than lycopeng s les
known about this antioxidant. Postmenopausal women may have slightly elevated adfdreeca
because this constituent is often found in multivitamins that also contain beta cafbene
adjusted mean concentration of alpha carotene in postmenopausal women from NHANES wa
lower than the range of 9.1 to 1&/dL reported in the literature. (43-45) A previous study
examining the association between plasma alpha carotene and T2D risk didl ot fi
association.(16) However, alpha carotene had a marginal inverse assodtatioBRvin
postmenopausal women in this study.

Following oxidation, vitamin C may be regenerated intracellularly thensedelaack into
the blood, although hyperglycemia limits the cellular uptake. (46;47) Since vitahas (@ss
regeneration in individuals with hyperglycemia, we would expect it to have l@mmeentrations
among those with highest inflammation and highest glucose concentrations. Hoveesigtr, w
not observe notable differences in vitamin C between T2D and non-diabetic individuals.
Estimation of adjusted vitamin C concentrations in NHANES Il also showed rvatiffes

between T2D individuals and non-diabetic individuals (48), however such differenaes we
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reported from another cross-sectional study.(49) Nonetheless, we foundairan it was

inversely associated with T2D in the highest CRP concentration group, premenopausal w

(OR 0.46 95% CI [0.24-0.88]). The adjusted mean serum vitamin C concentrations we estimated
were within the range of 0.39 to 1.19 mg/dL reported in the literature.(45;48-50)

Alpha tocopherol can be regenerated by vitamin C.(51) Additionally, alpha tocopherol is
thought to be regenerated through other mechanisms as well and it is known to be tdifficult
deplete concentrations.(51) Therefore we would expect the alpha tocopherol atizcento be
somewhat stable and similar among the groups investigated. Indeed we did abs&we s
concentrations among postmenopausal women and men 50 years or older. Slightly lower
concentrations of alpha tocopherol were observed in premenopausal women. The adjusted mean
alpha tocopherol concentrations were within the range of 0.64 to 1.82 mg/dL reported in the
literature. (43;45;50;52;53) Data on the possible role of alpha tocopherol in reducing
inflammatory biomarkers have been conflicting. (54;55) Additionally, two stusesiaing
supplemental vitamin E failed to show an association with T2D risk. (13;14) Simiazlywere
not able to detect a statistically significant association between alpbaherol and either
inflammation or T2D risk.

The differences observed in postmenopausal women compared to premenopausal women
may stem in part from differences in multivitamin use. Concentrations of natviené
consistently higher in postmenopausal women than premenopausal women, whichriglgeemi
contradictory to what we would expect in this population with an increased T2D aslevdr,
postmenopausal women are known to consume multivitamins more frequently than
premenopausal women and older men.(56;57) A diagnosis of T2D may further increase this

consumption.(58)
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Among women adjusted CRP concentrations were highest among T2D than non-diabetic
individuals, but were similar for men 50 years or older. However, among T2D indivith&ls
adjusted CRP concentrations were higher among premenopausal women, than postnienopausa
women and men, with the lowest levels observed among males. The non-significatgcad|
inverse association of CRP with T2D risk was unexpected. Perhaps upon controllingl for BM
and other covariates the unadjusted positive CRP-T2D association was diminfshadjusted
mean CRP concentration in non-diabetic and T2D men and women was generallyhagleet
values [4.3 £ 2.3(29) and 1.5 £ 0.3 mg/L(59)] reported in the literature for non-diabetic obese
individuals.

A possible explanation for the CRP differences observed in postmenopausal women
relative to premenopausal women or men 50 years or older may be due to the changesrthat oc
at menopause. Menopause initiates a transition from gluteal-femoral atigsosestorage to
abdominal adipose tissue storage.(21) Abdominal adipose tissue is responsible for the
production of proinflammatory cytokines, such as IL-6 (interleukin-6). IL+@dates the
production of CRP, an inflammatory biomarker. The inflammatory response in the body als
produces reactive oxygen species which can damage the body and further gerpetuat
inflammation. Extended exposure to this increased state of inflammation, stadahmonic
inflammation, can have adverse effects (3;4) and increased IL-6 and CRP aiiwentrave
been associated with an increase in T2D risk.(19)

Nutrients have been studied extensively for their ability to quench ROS,(11;60;@h) whi
has potential to reduce inflammation and T2D risk. However, definitive evidence sugplogtin
ability of nutrients to effectively reduce oxidative stress (61) or T2D ri3KL{) has been

contradictory. Most nutrients examined resulted in an inverse association (enestov
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statistically significant) between inflamed individuatd (3 mg/L) and non-inflamed individuals
(<1.3 mg/L) among all three groups studied in the adjusted models. The exceplizhsdnc
vitamin C in premenopausal women and alpha tocopherol in all groups. For alpha tocopherol,
the 95% confidence intervals were very wide, indicating that the point estimicthe odds
ratios may not be precise and therefore judgments about the direction of that@ssoould not
be made.

Similar to the results with inflammation, most nutrients had an inverse aissog¢most
were not statistically significant) with T2D risk using the adjusted nsodEhe only exceptions
were lycopene in premenopausal women and alpha tocopherol and lycopene in men Slilyears a
older. For these exceptions, the 95% confidence intervals were very wide, natgbow
judgment about the direction of the association to be made.

Furthermore, an approach of tailoring nutrient dietary intake based upon dactetis
could determine whether the particular nutrient will effectively imprbeehiealth of an
individual.(62) Our findings are consistent with this tailored treatment regisuggesting that
nutrients may play a role in reducing inflammation and T2D especially in womece S
postmenopausal women have increased inflammation (as measured by CRP)atonpare
(22;23) and increased T2D risk compared to premenopausal women(18), they could have more
potential for an observable effect in this pathway to reduce T2D risk.

Our study has many strengths including a large representative sdrtipd s
population, health examinations and plasma concentrations rather than simply uanyg diet
intake to estimate plasma exposure. However our findings must be interpreteduiuith, ca
given the cross-sectional study design and subsequent temporal ambiguigpvéddahe

inflammation measured may be short term in nature and may not be represen{zdiste
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inflammation levels. Alpha tocopherol and carotenoids are lipid soluble, and therefsinea pla
levels of biomarkers of those nutrients may not accurately reflect theiofags status.
Additionally there were only 41 premenopausal women with T2D representing the US
population and therefore the results presented in this study may not be erfteetivecof the
true population values.

Our findings indicate that postmenopausal women are a unique T2D risk group with
respect to nutrient concentrations and CRP. Specifically, diabetic postmenopausa have
less inflammation and have higher nutrient biomarker levels than their premenopausa
counterparts, while diabetic postmenopausal women have more inflammation and similar
nutrient biomarker levels compared to their male counterparts. Our data unelénstor
stratification by menopausal status for women could be important for cialesesmrch. However,
it is still unclear if the nutrients are potent enough at the levels consumadabyaprevent
T2D. These findings may provide guidance for future research in nutrition and disdse@sch.
Prospective studies are needed to further elucidate possible dietarynendations for

vitamins and nutrients in postmenopausal women.
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2.7 Tables

Table 2- 1. Vitamin, nutrient, and CRP concentration quartiles, NHANES 2003-2006

(n=19,593)
Unadjusted Estimate
(95% CI)
25" 75"
percentile Median percentile

Lycopene (g/dL) 29.0 40.9 54.7
Trans beta carotene 19.6
(no/dL) 6.7 11.2
Cis beta carotene 1.3
(no/dL) 0.5 0.8
Alpha caroteneyg/dL) 1.3 2.5 4.8
Vitamin C (mg/dL) 0.6 1.0 1.3
Alpha tocopherol 1.4
(mg/dL) 0.8 1.1
CRP (mg/L) 0.4 1.4 3.8

The entire NHANES 2003-2006 population with nutrient concentrations were included.
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Table 2- 2. Select characteristics of postmenopausal women, premenopausal women and men
>50 years and occurrence of Type 2 Diabetes, NHANES 2003-2006

Frequency (%, Sﬁ)

Postmenopausal Women Premenopausal Women \b€ryears
Non-
Non-diabetic T2D Non-diabetic T2D diabetic T2D
N 1347 124 2453 41 1294 148
Age (years)
Mean (95% ClI) 61.7 66.9 35.4 48.8 62.6 64.4
(60.6-62.8) (64.2,69.5) (34.9,35.9) (43.1-54.5) (61.8,63.4) (62.3,66.5)
Ethnicity
Non-Hispanic White 838 55 1053 12 809 71
(81.8, 2.0) (69.1, 5.0) (67.7,2.4) (47.8,11.3) (81.7,2.3) (70.6,5.5)
Non-Hispanic Black 243 25 638 6 231 33
(9.2, 1.3) (13.3,3.0) (13.0, 1.6) (9.9, 4.4) (8.8, 1.4) (11.3,2.3)
Mexican American 196 37 545 18 196 35
(3.2,0.8) (6.9, 2.4) (8.7, 1.1) (19.1,6.5) (3.7,0.8) (6.6, 2.1)
Other 70 7 217 5 58 9
(5.8,0.8) (10.7, 4.0) (10.6,1.1) (23.2,9.7) (5.8,1.0) (11.5, 3.9)
BMI
Normal 450 22 1075 4 399 29
(36.4, 1.6) (19.4, 3.7) (48.6,1.7) (10.9,5.8) (27.9,1.7) (19.4,4.4)
Overweight 433 33 608 5 543 56
(32.5,1.5) (27.6,5.1) (23.6,1.0) (18.0,8.4) (43.7,1.9) (36.3,4.7)
Obese 431 67 725 30 326 58

(31.3,15) (52.9,6.0) (27.8,14) (71.0,8.9) (28.3,14) (443,44
Physical Activity

Sedentary or Light 1004 97 1578 32 908 112
(72.9, 1.6) (72.0, 3.9) (67.3, 1.6) (80.6,7.7) (69.2,1.8) (71.9,3.7)
Moderate or Greater 343 27 875 9 386 36
(27.1, 1.6) (28.0, 3.9) (32.7, 1.6) (19.4,7.7) (30.8,1.8) (28.1,3.7)
Smoking
Never or Former 1133 104 1509 27 1005 127
(82.3,1.3) (85.6, 4.9) (78.1,1.3) (64.9,11.5) (78.5,1.5) (84.2,3.8)
Current Smoker 188 16 377 9 257 17
(17.7,1.3) (14.4, 4.9) (21.9,1.3) (35.1,11.5) (21.5,15) (15.8,3.8)
HRT with Estrogen 468 34 15 0
(39.8,1.4) (33.5,4.1) (0.9,0.3) (-, )
Family History of 581 80 937 29 437 85
Diabetes (43.2,1.5) (63.1, 5.3) (47.0, 1.8) (81.9,6.8) (35.1,2.0) (59.0,4.4)

& SE=standard error of estimated percent
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Table 2- 3. Associations between concentrations of vitamins and nutrients and inflammation or

between vitamins, nutrients, and CRP and type 2 diabetes in postmenopausal women,

premenopausal women and x50 years

Odds Ratios (95% Cl)

Postmenopausal Women

Premenopausal Women

Men>50 Years (n=1442)

(n=1471) (n=2494)
Unadjusted Adjustedd  Unadjusted  Adjustéd  Unadjusted Adjusted
Inflamed/Non-inflamed ©
Lvcopene 0.31 0.44 0.57 5.24 0.16 0.03
yeop (0.16,0.58)  (0.17,1.14) (0.27,1.18) (1.62,17.02) (0.06,0.46) (0.00, 0.42)
Trans beta 0.11 0.46 0.21 0.36 0.39 0.64
carotene (0.05,0.24)  (0.10,2.23) (0.09,0.45) (0.07,1.96) (0.18,0.85) (0.2, 1.87)
Cis beta 0.15 0.57 0.27 0.86 0.64 0.42
carotene (0.07,0.30) (0.15,2.14) (0.13,0.58) (0.20,3.70) (0.23,1.79) (0.10, 1.78)
Alpha carotene 0.15 0.51 0.28 0.55 0.30 0.17
(0.08,0.29)  (0.10,2.50) (0.16,0.50) (0.17,1.76) (0.12,0.75) (0.05, 0.59)
Vitamin C 0.35 0.55 0.43 0.39 0.16 0.23
(0.15,0.82)  (0.10,3.08) (0.22,0.82) (0.12,1.28) (0.06,1.28) (0.04, 1.43)
Alpha 0.34 0.47 0.86 0.23 0.42 0.19
tocopherol (0.15,0.79)  (0.14,153) (0.38,1.94) (0.04,154) (0.20,0.90)  (0.02, 1.57)
Type 2 diabetic/Non-diabetic
Lycopene 0.47 0.75 0.75 1.24 0.72 1.40
(0.20,1.11)  (0.27,2.08) (0.24,2.35) (0.31,4.98) (0.37,1.43) (0.59, 3.32)
Trans beta 0.39 0.51 0.29 0.03 0.54 0.45
carotene (0.19,0.84)  (0.14,1.78) (0.09,0.90) (0.00,0.34) (0.31,0.93) (0.21, 0.98)
Cis beta 0.41 0.32 0.77 0.09 0.61 0.68
carotene (0.19,0.89)  (0.09,1.17) (0.20,1.96) (0.00,4.44) (0.31,1.19) (0.23, 2.04)
Alpha carotene 0.32 0.24 0.68 0.20 0.89 0.68
(0.17,0.60)  (0.06,1.01) (0.22,2.06) (0.02,1.93) (0.41,1.95) (0.25,1.91)
Vitamin C 0.68 0.65 0.30 0.17 0.38 0.25
(0.41,1.12)  (0.27,155) (0.08,1.06) (0.01,2.21) (0.20,0.73) (0.09, 0.72)
Alpha 1.47 0.52 2.34 0.10 2.08 1.60
tocopherol (0.52,4.14)  (0.10,2.70) (0.76,7.26) (0.01,1.85) (0.99,4.37) (0.41, 6.31)
CRP 3.59 0.59 241 0.19
(0.97,13.21)  (0.15, 2.33) __d (0.85,6.86)  (0.03, 1.25)

20dds ratio compares lowest quartile to highest quartile, as presented in Table 2.
® Adjusted for BMI, age, race, physical activity, HRT with estrogen, LDL chetel,
triglycerides, smoking, and family history of diabetes.
¢ Inflamed was CRP1.3 mg/L and non-inflamed was CRP <1.3 mg/L.
4 Undetermined due to small number of premenopausal women with type 2 diabetes.
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2.8 Figures
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Figure2- 1. Adjusted serum vitamins, nutrients, or CRP concentrations by sex or menopausal
status and health status (geometric mean and 95% confidence intervals)
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Legend for Figure 2- 1: Concentrations were adjusted for BMI, age, race, physical activity,
HRT with estrogen, smoking, LDL cholesterol, triglycerides, and family lyitbr
diabetes. ND=non-diabetic; T2D=type 2 diabetes. T-tests were conduttddgvi
transformed data. P-values for the differences between ND and T2D postmehopausa
women are presented with “#” when p<0.05 or with the value. P-values for the
differences between postmenopausal women and premenopausal womerr60men
years are presented with “*” when p<0.05 or with the value.
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CHAPTER 3
Dietary and supplemental nutrient consumption and
inflammatory biomarkers in Type 2 diabetic and non-diabetic

postmenopausal women

3.1 Abstract

Vitamins and nutrients inhibit oxidative stress which may reduce chroréerinfation
and could prevent or delay the progression of type 2 diabetes (T2D). However thisypathwa
remains controversial as many studies have not found an association betwieatsrand T2D.
We aimed to examine the separate relations of dietary or supplemental s\(#ijgina-
tocopherol, vitamin C, alpha-carotene, beta-carotene, and lycopene) to biomarkers of
inflammation [C-reactive protein (CRP), interleukin 6 (IL-6) tumor necr@sitof« receptor Il
(TNF-R2)]. We examined 1,543 T2D cases and 2,170 matched controls nested within the
Women'’s Health Initiative-Observational Study. Baseline plasma caatients of CRP, IL-6,
and TNF-R2 were measured. Baseline dietary and supplemental nutrient meassingere
estimated using a validated semiquantitative food frequency questionnastepa for this

study.

After adjusting for age and BMI, dietary nutrients, including vitamin C (-0.08, p¥%0.01
beta-carotene (-0.08, p<0.01), and alpha-carotene (-0.07, p<0.01) were significaardgly
associated with IL-6. Additionally dietary beta-carotene was inyeessociated with CRP (-

0.09, p=0.05). Supplemental alpha tocopherol was inversely associated with CRP (-0.05, p=0.02)
and IL-6 (-0.06, p<0.01). Supplemental beta-carotene was inversely associat€R®i{-0.07,
p=0.02). Dietary vitamin C, beta-carotene, and alpha-carotene as well asrsigplesitamin E

and beta-carotene demonstrate a modest inverse association with concertraiistesnic
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inflammatory biomarkers among postmenopausal women and may contribute to a reduction i

T2D risk.

3.2 Introduction

Oxidative stress and chronic subclinical inflammation are involved in the pathology of
type 2 diabetes (T2D). (1-8) Higher levels of nutrients such as vitamin E, wi@naipha-
carotene, beta-carotene, and lycopene have been associated with reduaohgircul
concentrations of systemic inflammatory markers(9) and decreased rig2b(8;T) and may
play a role in the prevention of metabolic disorders through reduced oxidative stre3$€10)
antioxidants are believed to quench reactive oxygen species (ROS), the haflmadative

stress, and reduce oxidative damage thereby reducing inflammation.(11)

Although this pathway seems biologically plausible, the nutrient-T2D associat
remains controversial. Previous studies of supplemental vitamin E (12;13), supplemental
vitamin C (14), dietary and plasma lycopene (15;16), supplemental and plasmarbieiae¢h’ -

19), and plasma alpha-carotene(20) and T2D have failed to detect an association.

Recent evidence suggests that nutrient supplements are not associatedueét! re
inflammation.(21) Therefore, we aimed to examine the separate crossigleassociations of
dietary and supplemental nutrients obtained by a semiquantitative food frequestoyragre
with plasma concentrations of inflammatory markers in a subset of postmeriapansa

enrolled in the Women’s Health Initiative Observational Study (WHI-OS).
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3.3 Subjects and Methods
3.3.1 Study Population

The Women'’s Health Initiative Observational Study (WHI-OS) is a largsparctive
cohort study of ethnically diverse postmenopausal women living in the US (n=93,67@s Deta
of the design and baseline characteristics of the WHI participants have phebiers

provided.(22-24)

For the current analysis, we included a total of 3,713 postmenopausal women (1,543 T2D
cases and 2,170 matched controls) from a case-control study nested within tiSWHAIF
women included in the nested case-control study were free of cardiovasse&seliT2D, and
cancers at baseline. A diabetes case was defined as a self-reported casdeon the annual
follow-up form. Additional, cases were identified by questioning about the use ajliigemic
medication or hospitalization for previously unreported diabetes. A completgtesf case
determination has been previously reported.(25) Cases were matched ahmadg/éwhite,
black, Hispanic, and Asian/Pacific Islander), age, clinical centee, &f blood draw, and follow-
up time. White women were matched with a ratio of 1:1 cases and controls. Minamigrw
were matched with a ratio of 1:2 cases and controls to increase sigisivea in these

populations because minorities comprised only 39 percent of the T2D cases lentifie

3.3.2 Baseline Measurements

Dietary and supplemental nutrients, including alpha-tocopherol, vitamin C, alpha-
carotene, beta-carotene, and lycopene, were measured at baseline withtad/aémi-
guantitative food frequency questionnaire (FFQ).(26) The FFQ was validagsedumyning 30
nutrients using 24-hour dietary recalls and 4-day food records. Most FFQtestinutrients

were within 10 percent of those estimated using the dietary recalls and ¢oodkste

52



Height and weight were measured at baseline by study personnel; bodyadeass

(BMI) was calculated using these measurements. (27-29)

Inflammatory markers (tumor necrosis factoreceptor Il [TNF-R2], interleukin-6 [IL-
6], and high-sensitivity C-reactive protein [hs-CRP]) were measured in bloadhgpedrom
selected participants in the WHI-OS. The methods have previously been describedl{86j, |
fasting blood samples were drawn at baseline. Samples were assayed in randomiNFfelR2
was assayed using an ELISA (R&D Systems, Minneapolis, Minnesota). IL-8ssaged using
an ultrasensitive ELISA (R&D Systems). CRP was assayed using an imnhidiobetric assay
(Denka Seiken Co Ltd, Niigata, Japan) on a chemistry analyzer (Hitachi 91ie R@gnostics,
Indianapolis Indiana). The coefficients of variation for each analyte Wéfso for hs-CRP, 7.6%

for IL-6, 3.5% for TNF-R2.(31)

3.3.3 Statistical Analysis

The distributions of inflammatory biomarkers were skewed, and thus log transtorsna
were performed to achieve normal distributions. Since we wanted to compareéhtliffe
population samples (cases and controls), we used paired t-tests to compare coveiriaioles
between the 2 samples. Cross-sectional correlations (multiple lineassegr coefficients)
between dietary nutrients and inflammatory biomarkers were assesseatlafsting for T2D
and age or T2D, age and BMI. All statistical analyses were conducted usinge38isn 9.2;

SAS Institute, Cary, NC).

3.4 Results

Demographic factors and associations of inflammatory biomarkers withn@isistudy
population have previously been described.(32) The mean age of cases was 62.8 years and of
non-cases was 62.5 years. Of the dietary nutrients examined, alpha-tocopherchpenld
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were significantly higher in T2D cases than non-cases before adjustme@r@qpand p=0.003,
respectively). (Table 3- 1) Dietary vitamin C, beta-carotene and akgloéene were
significantly lower in T2D cases than non-cases before adjustment (p=0.01, p=td001 a
p=0.005, respectively). Conversely, no supplemental nutrients were significdiettgrdi while
comparing T2D cases and non-cases. As previously reported, (33) concentrations of
inflammatory biomarkers were significantly higher among T2D cases thaocases (P<0.001).
The results of the age-adjusted cross-sectional correlations (multiplerkgeassion
coefficients) between each individual nutrient and inflammatory biomarker sudge dietary
vitamin C (-0.09, p=0.01) and alpha-carotene (-0.09, p=0.00) were significantly inversely
associated with IL-6. (Table 3- 2) Beta-carotene was inverselyiassbwith CRP and IL-6 (-
0.12, p=0.01 and 0.10, p=0.00, respectively). Lycopene had a positive, but small association with
TNF-R2 (0.03, p=0.04). After further adjustment for BMI, these associatiorasire
significant.
We also observed individual inverse, but small, associations between supplementary
alpha-tocopherol and both CRP and IL-6 in both models (age-BMI model: -0.05, p=0.02 and -
0.06, p=0.00, respectively).(Table 3- 2) Beta-carotene was inversely ssdaaid IL-6 in the

age-BMI model (-0.07, p=0.02).

3.5 Discussion

In this population of postmenopausal women, we observed that baseline dietary alpha-
tocopherol was not significantly associated with baseline plasma conicerstiaf inflammatory
biomarkers, however supplemental alpha-tocopherol was significantly and ipesseciated
with CRP and IL-6. While dietary lycopene had a positive, but small, associatioanly TNF-

R2, supplemental beta carotene had an inverse association with CRP. Dietairy Qitaas
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inversely associated with IL-6, but supplemental vitamin C was not associttezhy of the
inflammatory biomarkers. Additionally dietary alpha-carotene was ialyeessociated with IL-
6 and dietary lycopene was positively associated with TNF-R2.

Oxidative stress is initiated by at least two pathways in T2D. Firs§ &© a by-product
of the conversion of glucose or fatty acids to energy (ATP) in the mitochondriaso{2:6ll
These ROS trigger the nuclear factor-kappa betaB)Fand activator protein-1 transcription
factors and initiate the production of pro-inflammatory cytokines. The cytoktieste the
acute phase response of the immune system. In turn, this inflammatory responsespraxac
ROS. Second, pro-inflammatory cytokines produced in the adipose tissue of oveemeight
obese individuals also activate the acute phase response of the immune systemN¥5§B he
and activator protein-1 transcription factors are also sensitive to anticxatahblock NF-
kB.(36) Additionally, antioxidants could quench ROS, rendering them inactive, unable to cause
harm to the body.(37)

Despite such biological plausibility, it has been difficult to demonstrateutigeent-T2D
associations. Vitamin E supplementation was reported as having a rekti{leRi of 0.95
([95% CI. 0.87-1.05;], P = 0.31).for T2D in the Women'’s Health Study, a slight proteffieeg, e
which was not significant.(38) In contrast, in the Women’s Antioxidant Cardiovasgiuldy
(WACS), vitamin E treatment had a RR of 1.13 (95% CI: 0.99, 1.29; P = 0.07).(39) Vitamin C
supplementation was reported as having a RR of 0.89 (95% CI: 0.78, 1.02; P = 0.09)] on T2D
risk compared to placebo in the WACS.(40) Lycopene was reported as having an OR of 1.13
(95% CI: 0.60, 2.13) in a nested case-control study in US women aged 45 and older.(41) In a
large prospective cohort study, lycopene was reported as having a RR of 1.07 (0.91-1.26) on

T2D risk (first vs. fifth quintile).(42) Beta-carotene supplementation wasrted as having a
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RR of 0.97 (95% CI: 0.85, 1.11; P = 0.68) on T2D risk compared to placebo in the WACS.(43)
In another nested case-control study, in US women aged 45 and older, beta-carotene was
reported as having an OR of 1.10 (95% CI: 0.57, 2.13).(44) Beta-carotene supplementation was
also reported as having a RR of 0.98 (95% CI:, 0.85-1.12) in the Physician’s Heaitli45{jud
Alpha-carotene in a nested case-control study in US women aged 45 and older was asporte
having an OR of 1.27 (95% CI. 0.63, 2.57).(46)

These non-significant reports from various studies range from a smaitforetto a small
causal effect, but no consistent pattern was observed. Some studies evaluated stgoplaiae
others evaluated a combination of dietary and supplemental consumption of nutrients.
Nonetheless this biological pathway remains plausible. Due to a recent review@2ijents’
effects on RA and osteoarthritis which concluded that supplemental vitamins A, C, ahddE di
demonstrate an improvement for these inflammatory conditions, we decided to@xamther
it was the dietary nutrients alone, rather than the supplemental nutrients,catid produce the
hypothesized benefit to systemic inflammation.

In our study population, a strong positive association of inflammatory biomarkegs (I
RR=3.08 [95% CI:, 2.25, -4.23] and CRP: RR=3.46 [95% CI:, 2.50, -4.80]) with T2D risk was
previously reported (47), which is consistent with the biologic pathway previdestyibed. We
now report an inverse association of supplemental vitamin E (alpha-tocopherol), betargt di
vitamin E. We also found that dietary beta-carotene was invassbciated with CRP and IL-6,
but supplemental beta-carotene was only inversely associated with CRPy Dietmin C was
inversely associated with IL-6, but supplemental vitamin C was not associttezhy of the

inflammatory biomarkers examined.
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These results suggest that supplemental vitamin E and beta-carotene may reduce
inflammation and subsequently T2D risk. Additionally, these results support amecalation
to increase dietary beta-carotene and vitamin C. Perhaps previous studies didah@indet
association of nutrient consumption with T2D risk because each nutrient alonbuteata
small but currently undetectable effect on T2D risk through reduced inflammBiasnand
residual confounding may have also contributed to the undetected associations.

We also report a small positive significant and association of dietarydgeopith the
inflammatory biomarker TNF-R2, which is not consistent with the biologic patipneagously
described. Thus, the effects of lycopene on inflammation remain unclear.

There are several strengths to this study including a validation of the food frequenc
guestionnaire, baseline biomarker concentration measurements that were takethbef
diagnosis of T2D. Nonetheless it cannot be discounted that this study sufferbdrfotiowing
inherent limitations of observational studies that merit consideration. Our fenchayg be due
to measurement error and unmeasured confounding. First, cross-sectionatiassazannot
tease out the temporal relation between nutrient consumption and biomarker canoentrat
Second, there may be some measurement error in the biomarkers with use orgheof si
measurements, due to assay variability or degradation of the biomarkersgehomeexpect
that this bias should be non-differential between cases and non-cases. Third, oudstody di
account for multiple comparisons and some of the findings may be spurious. Fourth, BFQs ma
also produce some measurement error in assessment of nutrient consumption. AltHeQgdb a F
useful for estimating various dietary factors and was validated in this #tiglgpt exact.
Further, the nutrient calculations are a secondary variable estimatedther variables with

measurement error. Many foods that are high in nutrients of interesheteassessed in the
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FFQ for example blueberries, pomegranates, grapes and oranges. ipgmmiay have been
mislabeled as consuming low levels of nutrients if the types of foods high in nuthigntisey
were consumed were not included in the questionnaire.

Furthermore, a large body of evidence examining the associations of individtahts
with T2D risk has not found any associations. Therefore, we may have detegtemass
association in this single study.

In summary, our cross-sectional findings suggest that dietary vitamin G;dvetane and
alpha-carotene are inversely associated with systemic inflammaklienesults also suggest that
supplemental vitamin E and beta-carotene are inversely associatedstatmisyinflammation.

Further prospective studies are needed to confirm these cross-secsmtazons.
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3.7 Tables

Table 3- 1. Dietary nutrient intake and concentration of inflammatory markers by deatase
and control status among postmenopausal women (n=3,713)

Non-casés T2D Cases
Geometric Mean Geometric Mean
Variable n (95% CI) n=2170 n (95% CI) n=1543 p-value
Nutrients-Dietary
Alpha-tocopherol (mg) 2156 4.84 (4.73, 4.96) 453 5.10 (4.95, 5.25) 0.007
Vitamin C (mg) 2156 84.8 (82.4, 87.3) 1532 8(0.1.4, 83.0) 0.01
Beta-carotene (mcg) 2156 2638 (2558, 2721) 1533 2429 (2337, 2526) 0.001
Alpha-carotene (mcg) 2156 473 (455, 491) 1533 3 @32, 454) 0.005
Lycopene (mcg) 2156 3326 (3210, 3446) 1532 38464, 3763) 0.003
Nutrients-Supplemental
Alpha-tocopherol (mg) 1149 113 (104, 123) 759 6 (1104,129) 0.70
Vitamin C (mg) 1161 235 (217, 254) 747 244 (2269) 0.54
Beta-carotene (mcg) 879 4060 (3937, 4186) 584 10458338, 4688) 0.06
Inflammation
biomarkers
CRP (mg/dL) 1898 0.19 (0.18, 0.20) 1346 0.39700.41) <0.001
IL-6 (pg/mL) 1893 1.78 (1.72, 1.85) 1342 2.887&, 3.00) <0.001
TNF R2 (ng/mL) 1888 2.36 (2.33, 2.39) 1337 24583, 2.72) <0.001

All variables were log-transformed for t-test.
@ Matched variables: ethnicity (white, black, Hisjgamnd Asian/Pacific Islander), age, clinical @ntime of
blood draw, and follow-up time.
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Table 3- 2. Cross-sectional correlations between dietary nutrient consumption and bianudrker

inflammation at baseline

Inflammatory Biomarker

Multiple Regression Coefficient (p-value)
Age- and BMI-Adjusted Model

Age-Adjusted Model

Nutrient CRP IL-6 TNF R2 CRP IL-6 TNF R2
Dietary
Alpha- 0.038 -0.036 0.018 -0.023 -0.073 0.009
tocopherol (0.535) (0.388) (0.290) (0.684) (0.059) (0.613)
Vitamin C -0.025 -0.086 -0.006 -0.021 -0.084 -0.005
(0.628) (0.012) (0.682) (0.643) (0.008) (0.700)
Beta-carotene -0.116 -0.101 -0.012 -0.087 -0.084 -0.007
(0.019) (0.002) (0.367) (0.045) (0.005) (0.570)
Alpha-carotene -0.070 -0.088 0.007 -0.037 -0.069 0.013
(0.065) (0.001) (0.489) (0.284) (0.004) (0.222)
Lycopene 0.053 -0.008 0.025 0.056 -0.005 0.025
(0.217) (0.795) (0.039) (0.151) (0.840) (0.031)
Supplemental
Alpha- -0.059 -0.063 0.001 -0.050 -0.058 0.003
tocopherol (0.010) (<0.001) (0.849) (0.015) (<0.001) (0.679)
Vitamin C -0.054 -0.026 0.001 -0.033 -0.013 0.004
(0.023) (0.109) (0.886) (0.135) (0.396) (0.498)
Beta-carotene -0.062 -0.016 0.003 -0.072 -0.022 0.001
(0.064) (0.478) (0.763) (0.017) (0.283) (0.905)

®Nutrients and inflammatory biomarkers were log-transformed

Bolded values have a p-valg8.05.
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CHAPTER 4
Interrelationship between alcohol intake and endogenous
sex-steroid hormones on diabetes risk in postmenopausal

women

4.1 Abstract

Previous prospective studies have documented an inverse association between moderate
alcohol intake and type 2 diabetes (T2D). There is some evidence implicating akcohol i
affecting plasma levels of various sex hormones. Additionally, sex hormones have been
associated with T2D risk. We examined whether circulating concentratices hormones,
including estradiol, testosterone, sex hormone-binding globulin (SHBG), and
dehydroepiandrosterone sulfate (DHEAS), were associated with alcolka ortenediatedhe
alcohol-T2D association. Among women not using hormone replacement therapyeaoid fre
baseline cardiovascular disease, cancer, and diabetes in the Women'’s hegltB5% incident
cases of T2D and 359 matched controls were chosen during 10 years of follow-up.

Women with frequent alcohol intakel( drink/day) were positively and significantly
associated with higher plasma estradiol concentrations in an age-adjustédpmnode, 95%

Cl, 0.03, 0.26), as compared with those who rarely/never drank alcohol. After adjusting for
additional known covariates, this alcohol-estradiol association remgin@d.9, 95% CI, 0.07,
0.30). Testosterong£0.13, 95% ClI, -0.05, 0.31), SHBB=0.07, 95% Cl, -0.07, 0.20), and
DHEAS (3=0.14, 95% ClI, -0.04, 0.31) showed positive associations without statistical
significance. Estradiol alone or in combination with SHBG appeared to influence #reetbs
protective association between frequent alcohol consumption and T2D risk, with a 12-21%
reduction in OR in the multivariate-adjusted models. Our cross-sectionasiarsdipwed

positive associations between alcohol intake and endogenous estradiol concentrations. Our
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prospective data suggested that baseline concentrations of estradiol and SHBGfluegtue

the alcohol-T2D association in postmenopausal women.

4.2 Introduction

Recent data indicate that endogenous sex hormones play an important role in the
pathogenesis of type 2 diabetes (T2D).(1) Sex hormones, including estrogen,(1;2y¢estoste
(3-5) sex hormone-binding globulin (SHBG), (4,;6;7) and dehydroepiandrosterone sulfate
(DHEAS),(4,8) have been linked with insulin resistance, impaired glucasancke (IGT), and
T2D risk. With the onset of menopause and the concurrent decrease in estrogeskT2D ri
increases among postmenopausal women.(2)

There is some evidence suggesting that alcohol might be associated vei#iséucr

concentrations of estrogen(9;10) and DHEAS.(9;11-13) Previous prospective studies have

documented an inverse association between moderate alcohol consumption and the incidence of

T2D;(14-23) however, the mechanisms underlying this potential benefit from alotdicd are
not completely understood. Given these interrelationships among alcohol intake, semdsrm
and T2D, it seems reasonable to hypothesize that sex hormones may, at legstxplpar the
inverse relations between alcohol consumption and T2D risk. However, there ismasitely
directly testing these hormone-mediating pathways linking alcohol intake toidkD r

The objective of this study was to investigate whether alcohol consumption wes&sh
with circulating concentrations of endogenous sex hormones. Also, we aimed to examine
whether circulating levels of endogenous sex hormones mediate the associatésn @@¢tohol

consumption and T2D risk.
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4.3 Subjects and Methods
4.3.1 Study Population

The Women'’s Health Study (WHS) is a randomized, double-blind placebo-controlled
clinical trial of aspirin and vitamin E for the primary prevention of cardiowkas disease (CVD)
and cancer. The participants are 39,876 female health professionals who weaes4% péder,
had no history of CVD and cancer (except nonmelanoma skin cancer). Details chlthigvie
previously been described.(24-26) Among a total of 27,962 postmenopausal women in the WHS
who had not used hormone replacement therapy (HRT) and were free of CVD, cadhcer, a
diabetes at baseline, 359 incident cases of T2D and 359 matched controls were ¢chgssk us
set sampling strategy during a median of 10 year follow-up.(3) Controls werkadain age,

race, fasting status at time of blood draw, and follow-up time.

Written informed consent was obtained from all participants in the WHS. Thiswasd
approved by the Institutional Review Boards of Brigham and Women’s Hospitakrda

Medical School, and the University of California at Los Angeles (UCLA).

4.3.2 Assessment of alcohol consumption and other covariates

Baseline information on usual diet, including alcohol intake, was provided by 39,310
(99%) of the randomized participants, who completed a 131-item, validated, semituantita
food-frequency questionnaire (SFFQ). A detailed description of the SFFQ ardymres used
to calculate nutrient intake as well as data on its reproducibility and vahditgimilar cohort
was previously reported.(27) For each food, a commonly used unit or portion size gitsdspe
on the questionnaire, and the participants were asked how often on average witremithes pr
year they had consumed that amount. The portion sizes for beverages containing aletbl wer

glass, bottle, can” for beer and light beer, “4 oz. glass” for red wine and wheeamd “1 drink
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or shot” for liquor. Nine responses were possible, ranging from “never ohssnce per

month” to “6 or more times per day.” These 9 categories were condensed into dieategor
because of the few women who reported frequent alcohol consumption. The 4 categories a
rarely/never, 1-3 drinks/month, 1-6 drinks/week, and 1+drinks/day. Frequent alcohol
consumption is defined as the highest category, 1+ drinks/day. These 9 categoziatso used

to calculate alcohol consumption as a continuous variable in g/day. We scaled the continuous
alcohol variable, measured in grams/day by the US standard for one alcoholigbgtérg,
according to the International Center for Alcohol Policies (ICAP). Women whodalirespond

to any of the alcohol questions were excluded. In brief, Spearman’s corretafboient

between total alcohol consumption as measured by four 1-week diet records SR&Ghevas

0.90.(4)

Other covariates, including body weight, height, family history of diabetes, sgioki
status, and physical activity, were assessed using questionnairesy {aei@bles were energy-
adjusted using the residual method.(28) Body mass index (BMI) was calculatedyhs(in

kg)/height (in md).

4.3.3 Biomarker measurements

Baseline blood samples were centrifuged and stored in liquid nitrogen freezietseunt
time of laboratory analysis. Matched case-control pairs were handled allgrdind assayed in
random sample order in the same analytical run. Laboratory personnel were ldiodsé-t
control status during all assays. Hankinson and colleagues(29;30) reported thigt a sing
measurement of plasma levels of sex hormones can reliably reflect akerggerm hormone
levels over a 3-year period, with correlations ranging from 0.66 to 0.92 for plasrsadesex

hormones, including estradiol, estrone, estrone sulfate, androstenedione, tespster
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dehydroepiandrosterone (DHEA), DHEAS, and SHBG. In brief, Chemilucen¢s
immunoassays (Elecsys autoanalyzer 2010, Roche Diagnostics, IndianapalisréNised to
measure sex hormones and SHBG. As reported previously, the coefficients obwvdiraati
blinded quality control samples were 5.2% for estradiol, 7.4% farsesone, 2.8% for DHEAS,

and 2.8% for SHBG.(3;7;31;32) The limits of detection were

4.3.4 Statistical Analysis

Age-adjusted, age-and BMI-adjusted, and multivariate linear regressionsmatel
used to examine the associations between alcohol intake and biomarker conosnéaiusted
geometric means of biomarkers were calculated using a multivariabkemtlfegression model
while controlling for age, smoking, BMI, physical activity, and family dwigtof diabetes. Linear

regression modeling was also conducted with alcohol as a continuous variable.

Conditional logistic regression was performed to assess the impact of sex hormone
concentrations on the association of alcohol intake with T2D risk. We first adjustedttdrimg
factors such as age, ethnicity, and fasting status at time of blood draw. ivarratl analyses,
we adjusted for BMI (continuous), family history of diabetes (yes or no), smakéver, past,
and current smokers), and physical activity (continuous). To evaluate whekheormone
concentrations mediate the association between alcohol intake and T2D risk, dammsme
biomarker (estradiol, testosterone, SHBG, and DHEAS) was added individually todhela
T2D model. A change in the OR towards the null (OR=1) in estimates of the parhsteteen
the models was used to indicate how various sex hormone biomarkers may mediate tig pathw

between alcohol consumption and reduced diabetes risk.
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All statistical analyses were conducted using SAS (version 9.2; SattesCary, NC).
All p-values were two-tailedx0.05). Figures were constructed using GraphPad Prism

Software (version 4.0, GraphPad Software Inc., La Jolla, CA).

4.4 Results

The amount of alcohol consumption was significantly different betwase&scand controls.
Cases tended to consume less alcohol than controls (Table 4- 1). Overall, themeeaeteehds
towards positive associations of alcohol consumption with all sex hormone biomarker
concentrations (Figure 4- 1). SHBG (Rarely/never: 24.0+£0.8, 1-3 drinks/month: 26.8+1.7, 1-6
drinks/week: 26.0+£1.3;1 drinks/day: 29.3£2.1 nmol/L) and DHEAS (Rarely/never: 74.1+1.7,
1-3 drinks/month: 74.9£3.1, 1-6 drinks/week: 78.7+2X drinks/day: 85.2+4.3g/dL) showed
a generally consistent trend for increase with increasing alcohol consumptiothéless, the
estradiol linear trend (Rarely/never: 20.1+0.4, 1-3 drinks/month: 20.1+0.7, 1-6 drinks/week:
19.8+0.5>1 drinks/day: 22.0+0.9 pg/mL) was largely influenced by the highest alcohol
consumption category and the testosterone trend (Rarely/never: 0.24+£0.005, 1-3 dnttks/m
0.26+0.01, 1-6 drinks/week: 0.23£0.0.064, drinks/day: 0.27+0.01 ng/mL) was not linear, as
we observed a bimodal trend. These linear trends were adjusted for agentadet@atus, BMI,
smoking physical activity, and family history of diabetes. Specificgkometric means of
estradiol (p-value=0.002), SHBG (p-value<0.001), and DHEAS (p-value<0.00X)czagtly

increased across increasing alcohol consumption category.

In the linear regression models adjusting for age and case/control statu$ IMadBMI,
age and case/control status (Model 2), levels of estradiol were positivetyadsd with alcohol
consumptionf{=0.14, 95% ClI, 0.03, 0.26 from Model 1 gwD.17, 95% CI, 0.06, 0.29 from

Model 2) (Table 4- 2). Betd) indicates the amount that the sex hormone increases in
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concentration (estradiol: pg/mL, testosterone: ng/mL, SHBG: nmol/L, DF{ké&/dL) with

alcohol consumption compared to rarely/never consumption. Upon further adjustment for
smoking, physical activity and family history of diabetes (Model 3), distreemained

significantly associated with alcohol consumptifn@.19, 95% CI, 0.07, 0.30). Testosterone,
SHBG, and DHEAS were not significantly associated with frequent alcohalmgmien,

although each showed evidence of positive associations in the unadjusted model (Model 1).
When alcohol consumption was evaluated as a continuous variable using the full model, women
had significantly increased estradipt(0.07, 95% CI, 0.02, 0.12) and DHEA$-0.10, 95% ClI,

0.03, 0.18). Betap) for the continuous variable indicates the amount that the sex hormone
increases in concentration with each additional alcoholic beverage (14 g atmislned in a

day.

We also examined associations between alcohol consumption and sex hormones by type of
alcohol (data not shown). Each of the types of alcohol consumption, red wine, white wine,
liquor and beer, demonstrated positive associations. After adjusting foratesaonly liquor
consumption was positively associated with estra@e0 32, 95% ClI, 0.17, 0.48). Due to small
numbers of subjects in each strata, the trend for a positive association with etoehohption
for estradiol, testosterone and DHEAS and mixed results for the SHBG-alcohatngiios

association were observed.

We examined and confirmed the inverse association between alcohol consumption and
T2D risk in our population. As compared with women who rarely/never drank alcohol, women
who drank alcohotl drink/day had reduced T2D risk (OR=0.43, 95% CI, 0.19, 0.99) (Table 4-
3). Furthermore, we tested for mediation of the alcohol-diabetes associationdbgreek

hormones. The addition of SHBG in the unadjusted model only suggested mediation between
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alcohol consumption and T2D risk, however this difference was not observed in the full model.
The addition of DHEAS in the full model did slightly shift the OR towards the null value
(unadjusted: 3% change; full model: 5% change). Although estradiol did not seem tteriedia
alcohol-T2D association with a shift in OR towards the null value, it did influence the
association with a 12% reduction in the OR. In the model with both estradiol and SHBG, we

observed a 21% reduction in the OR.

4.5 Discussion

Our cross-sectional analysis of 718 postmenopausal women suggested a positive
association between alcohol intake and concentrations of endogenous estradiol, independent of
age, BMI, physical activity, race, family history of diabetes and smoking. Inested case-
control study, we found that concentrations of endogenous estradiol alone or together wi

SHBG apparently influenced the prospective association of alcohol consumption and T2D

Diabetes risk increases in middle-aged women when menopause occurs (with a
pronounced decrease in estrogen).(2) As previously reported, circulatireptrations of
estradiol and testosterone were higher in cases, while SHBG and DHEA®werén cases
than matched controls in our study population.(3) Both DHEAS and estradiol incradse ins
secretion through their effects on pancregicells (2;33) and DHEAS improves insulin
sensitivity by inducing an increase in glucose transport activity.(@&p$&rone was reported
higher in T2D women in cross-sectional studies and may increase risk for T2Dpeqines
studies.(1) Additionally, higher SHBG levels were reported to be more pvetagainst
diabetes risk in women than those with lower levels in contrast to men whereSBB& levels
were more protective.(1) These observations of T2D risk highlight the impodatiee sex

hormones in the T2D biologic pathway in postmenopausal women.
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It has been suggested that alcohol, as a constituent in alcoholic beverages, ndaygprovi
protective effect on T2D risk.(23) The inverse association between alcohol corsuanmi
type 2 diabetes risk observed in our study population is well established. (14-23)
Correspondingly, alcohol has been suggested to influence the levels of sex hormoyes. Earl
reports had mixed results for the association of alcohol consumption and increaskaol @stra
postmenopausal women.(34) HRT was thought to modify this association; only those women
taking HRT tended to have increased estradiol with alcohol consumption in a majdingy of
reports.(34) The increased estradiol was thought to be due to the inhibition of the conversion of
estradiol to estrone.(34) More recently, results from a large crossrsgstudy showed that
postmenopausal women who drank more than 25 g alcohol per day had higher estradiol and
DHEAS concentrations compared to nondrinkers independent of HRT.(35) Possible meghanism
for the increased estradiol include decreased catabolism of the sex hohyomesver,
increased aromatase activity, causing increased conversion of estradiahiloogens, or

increased signaling of the adrenal gland to produce DHEAS (a precursaadia}s{35)

The beneficial effect of alcohol on type 2 diabetes risk is likely to occur thiitaig
influence on sex hormones as evidenced by the alcohol-sex hormone associationsT al2ohol-
association, and the sex hormones-T2D risk associations observed in our study population of
postmenopausal women. Particularly estradiol and DHEAS have involvement in tive insul

signaling pathway.

Experimental data indicate that estradiol increases insulin secretioghhte effects on
pancreati@-cells.(2;33) Given the observed association between alcohol consumption and
estradiol concentration in this study, it is possible that estradiol exen®dulating effects on

the protective effect of alcohol consumption on type 2 diabetes risk. Our study resuitlegr
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some suggestive evidence, but further mechanistic studies are warrantedittesbhe putative
causal interrelationships. In addition, since SHBG binds estradiol and reghéasesaount of
available estradiol, (36) the interaction of these sex hormones may influenssdb&at@on of

alcohol with T2D risk.

DHEAS might be involved in the mechanisms underlying the effect of alcohol
consumption on T2D risk as well. DHEAS has been shown to enhance insulin secrgtion in
cells in vitro and in vivo (8) and improve insulin sensitivity by inducing an increasedosg
transport activity.(8) We observed an association between alcohol consunmatiDHEAS
concentration in this study. Similar to estradiol, it is conceivable that seatddHEAS induced
by alcohol consumption may be one pathway by which alcohol exerts its protectisteoeff
T2D risk. DHEAS is a precursor of estrogen,(37) DHEAS concentrationais@ape influenced
in this pathway. The mediation analysis provided a weak hint of mediation, suggleating
DHEAS may be a surrogate of estradiol or other sex hormone metabolisms in theydaghw

which alcohol consumption reduces T2D risk.

Our study showed mixed results for SHBG, depending on which alcohableawas used,
categorical or continuous. This may be explained in part because“tf-8t@aped” or “J-shaped”
curve where risk beginning at rarely/never alcohol consumption decreasiestzol
consumption increases, reaches a nadir, then gradually increases dgaicre#sed heavy
drinking. Another explanation could be SHBG’s strong correlation with B¥HQ(51, p-
value=0.008(38)). Due to this strong correlation, the effect of each constituentatmo be
distinguished from the other. A third explanation for the mixed results could be due to low

statistical power due to small numbers of subjects who consumed alcohol frequently.
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At baseline BMI, physical activity and alcohol consumption were stailstisignificantly
different between cases and controls. (Table 4- 1) These resultsxpeoteel, as these variables
are recognized risk factors for T2D. Since the primary comparisons wiaranmtion and
alcohol consumption in our study, both measured at baseline before determinatioraofdcase
control status, the alcohol consumption differences at baseline would not bias our fsolts
since the BMI and physical activity measurements were made at baselimgcident cases of
T2D were selected as cases, these differences would not bias the stlisly Festhermore, we

controlled for BMI, and physical activity in the final models.

This study is a risk-set sampled matched nested case-control study withikighdt has
several strengths including a validation of the food frequency questionnair@dbhsemarker
concentration measurements, and prospectively collected disease diagnosierHineee are
some limitations that merit consideration. First, cross-sectional asgpsiaannot tease out the
causal relation between alcohol consumption and biomarker concentrations. Second,there ma
be some measurement error in the biomarkers with single measures, due t@iaskgiyy or
degradation of the biomarkers. This bias should be non-differential among casestaoid,
and therefore may cause bias to the null. Food frequency questionnaires, althougldvalidate
this study may also produce some measurement error in assessmearti@f@aosumption.
There remains the possibility of residual confounding due to unmeasured or pootlyedeas
confounders, such as phytoestrogens. Finally, the results presentedi@adniidence intervals,
indicating some instability in the estimates, partially due to inadeqiaditstisal power due to

the small numbers of women who consumed alcohol frequently.

In conclusion, our cross-sectional analysis in this study suggested a posibivi@tasn

between alcohol intake and endogenous estradiol concentrations independent of covariates. Our
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prospective results also suggested that baseline concentrations of eatoagiar with SHBG
may largely influence the alcohol-T2D association in postmenopausal womererFurth

investigation of our findings and possible mechanisms is warranted.
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4.7 Tables

Table 4- 1. Baseline characteristics of 718 postmenopausal women participated in this
prospective case-control study of type 2 diabetes

Cases Controls
Variable (n=359) (n=359) p-value
MeantSD Age (years) 59.6 £6.1 59.6+6.1 —
Race/Ethnicity
White 332 [93] 332 [93] —
Black 8[2] 8[2]
Hispanic 5[1] 5[1]
Asian/Pacific Islander 9 [3] 93]
Other/Unknown 5[1] 5[1]
Mean+SD BMI (kg/m) 30.9+6.1 26.0+5.0 <0.001
Strenuous Physical Activity
Rarely/Never 183 [51] 142 [40] 0.002
<1 time/week 65 [18] 78 [22]
1 time per week 28 [8] 28 [8]
2-3 times/week 50 [14] 70 [19]
4-6 times/week 23 [6] 27 [7]
7+ times/week 9[3] 14 [4]
Smoking
Never 52 [15] 49 [14] 057
Past 136 [38] 132 [37]
Current 170 [47] 178 [49]
Total alcohol consumption
Rarely/Never 218 [61] 169 [47] <0.001
1-3 drinks/month 49 [14] 55 [15]
1-6 drinks/week 74 [20] 94 [26]
>1 drinks/day 18 [5] 41 [12]

Presented as frequency [percent] unless otherwiselms Mean + SD. Age and Race/Ethnicity werehiad
variables and therefore were the same for casesanitbls.! Mantel Haenszel Chi Square test for differences

between cases and controls.
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Table4- 2. Linear regression coefficients (95% CIs) for the increment in circulating
concentrations of four endogenous sex hormone biomarkers according to each of the alcohol
intake categories (as compared with never/rarely alcohol drinkers)gami@mpostmenopausal

women
N=718
Alcohol Estradiol Testosterone SHBG DHEAS
Model consumption
Model 1-3 drinks/month 0.02 0.10 0.06 0.01
1 [-0.08, 0.11] [-0.04, 0.24] [-0.04, 0.17] [-0.12, 0.14]
1-6 drinks/week 0.02 0.01 0.02 0.03
[-0.06, 0.10] [-0.12, 0.13] [-0.07, 0.11] [-0.03, 0.20]
1+ drink/day 0.13 0.14 0.08 0.11
[0.01, 0.25] [-0.05, 0.33] [-0.06, 0.22] [-0.06, 0.23]
Model 1-3 drinks/month 0.03 0.10 0.04 0.01
2 [-0.06, 0.12] [-0.04, 0.24] [-0.06, 0.14] [-0.12, 0.14]
1-6 drinks/week 0.04 0.01 -0.03 0.08
[-0.04,0.12] [-0.12, 0.14] [-0.11, 0.06] [-0.03, 0.20]
1+ drink/day 0.16 0.14 0.00 0.11
[0.04, 0.28] [-0.05, 0.33] [-0.13, 0.14] [-0.07, 0.28]
Model 1-3 drinks/month 0.04 0.12 0.04 0.03
3 [-0.05, 0.13] [-0.03, 0.26] [-0.06, 0.14] [-0.11, 0.16]
1-6 drinks/week 0.05 0.01 -0.02 0.03
[-0.03, 0.13] [-0.11, 0.14] [-0.11, 0.07] [-0.02, 0.21]
1+ drink/day 0.17 0.12 0.02 0.11
[0.05, 0.29] [-0.07, 0.31] [-0.11, 0.15] [-0.02, 0.30]

Values presented are beta-coefficient [95% CIs}. I8 mone concentrations were log-transformBdlded

values have p-value<0.05.
Model 1: Adjusted for age

Model 2: Adjusted for case/control status, age, Bl
Model 3: Adjusted for case/control status, age, Bidte, family history of diabetes, physical atjivand

smoking.
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Table 4- 3. Prospective associations of alcohol intake with T2D risk and mediation by
endogenous sex hormone concentrations

Alcohol Intake

(Rarely/Never vsz1 Drink/Day) Un-adjusted* Adjusted?
Per cent Per cent

M odel OR 95% CI Difference  OR 95% ClI Difference
Model A 0.30 0.16,0.58 - 0.43 0.19,0.99 --
[Model A] + Estradiol 0.25 0.13,0.50 -17 0.38 0.0889 -12
[Model A] + Testosterone 0.29  0.15,0.57 -3 0.44 1901.01 2
[Model A] + SHBG 0.41  0.18,0.93 37 0.44 0.18,1.09 2
[Model A] + DHEAS 0.31 0.16,0.59 3 0.45 0.20,1.03 5
[Model A] + Estradiol + SHBG 0.35 0.15,0.82 17 4.3 0.13,0.90 -21
[Model A] + Testosterone + SHBG  0.40  0.18,0.90 33 044 0.18,1.09 2
[Model A] + Estradiol + 0.35 0.15,0.83 17 0.34 0.13,0.90 -21

Testosterone + SHBG

! Adjusted only for matching

2 Adjusted for age, BMI, smoking, physical activignd family history of diabetes
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4.8 Figures

Figure 4- 1. Adjusted baseline sex hormone concentrations across categories of alcohol
consumption

2457 Linear Trend
24.0

~ 2351 p=0.002

Estradiol
NN N
OOoOR
2T
o]

—a—i

——

030, Linear Trend
02991 p<0.001

Testosterone (ng/mL)
o
o
1

331 Linear Trend
gi: p<0.001

951 Linear Trend
— 904 p<0.001
: {
S 85-
(8]
E g0 I
2
754
; i
0 704
65 T T T 1

Rarely/ 1-3drinks/ 1-6drinks/ 1+drinks/
Never month week day

Legend for Figure4- 1. Geometric mean and 95% confidence intervals ersepted. Geometric mean was
adjusted for case/control status, age, BMI, smalphgsical activity, and family history of diabetes
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