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ESSENCE OF ARTICLE

“In the context of an outpatient medical clinidyigh-fat, adequate-protein, low-carbohydrate dii wutritional
supplementation led to improvements in serum faatelated to the aging process. Further reseagahvding this
dietary approach and its relationship to aging isrider.”

ARTICLE
Obijective:

Aging is associated with elevated levels of glucasgulin, and triglycerides. Our objective wasagsess the effect
of a nutritional program designed to reduce theseetates of aging.

Design:

This is a retrospective chart review of patientsrating an outpatient metabolic management prognalading a
high-fat, adequate-protein, low-carbohydrate diatritional supplementation and periodic individugits.
Outcomes measured at baseline and follow-up indlimbely weight, fasting serum glucose, insulin,iledipids,
and thyroid hormone.

Results:

Thirty-one patients were identified with completéormation. The mean age of patients was 57.6 £@nsisting
of 53% female and 47% male patients. The averag®ido between follow up visits was 91.5 * 8.5 da@yfthe
parameters measured at the follow-up visit, bodiglte serum leptin, insulin, fasting glucose, tyicgride, and free
T3 significantly decreased by 8.1 + 0.8%, 48.2898.40.1 £ 4.7%, 7.6 + 2.1%, 28.3 £ 5.7%, and #0183%,
respectively. Furthermore, the triglyceride/higmsigy lipoprotein ratio decreased from 5.1 + 1.2 + 0.5.

Conclusions:



In the context of an outpatient medical clinic,ighafat, adequate-protein, low-carbohydrate dighwautritional
supplementation led to improvements in serum faatelated to the aging process. Further reseagahvding this
dietary approach and its relationship to aging isrider.

. Other Section¥
0] AbstractBACKGROUNDMethodsResultsDiscussionREFEREISBACKGROUND

Since the discovery that caloric restriction extshthe lifespan of rats 70 years ago (1), many tmaggnisms
such as yeast (2, 3), nematodes (4), fruit flig@sdbd mice (6, 7) have been subjected to some ddrfisod
restriction that resulted in extended lifespan.sehand many other studies regarding the impadlofic restriction
on lifespan has generated such compelling evidératehe National Institute on Aging has initiastddies in non-
human primates (rhesus macaques) examining ca&sidction on a number of metabolic and biological
parameters including lifespan (8).

Nevertheless, the mechanisms driving the increlifesgan by calorie restriction or weight loss arelear. Data
from C. elegans (9, 10), Drosophila, and yeast &ht), more recently, rodents (12) implicate thalingnsulin-like
growth factor signaling pathways as a potentiatt&tgr of this process. Moreover, the ongoing daléection on
the physiologic effects of caloric restriction lmesus macaques parallels rodent studies demongtratiuced body
and fat mass, improved glucoregulatory functiorcrdased blood pressure and blood lipids, and desddaody
temperature (13). Interestingly, centenarians tawer blood glucose, insulin, leptin, free T3 amdusn
triglycerides than those who do not live to be awee hundred years old (14). Therefore, the funddahe
mechanism by which calorie restriction improvesdian appears to alter these metabolic parameters.

In this paper, we examine the impact of a diet gipatly designed to improve metabolic parametedeipendent of
caloric intake. The diet is based on the premiaehly reducing glucose and protein as substratesddative
metabolism and enhancing fatty acid oxidation, mainhe same physiologic changes that are seealdnie-
restricted animals will also be seen in individualtowing this type of diet.
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This is a retrospective analysis of clinical infation from patients attending a private practicgidnts were
referred for the treatment of diabetes, cardioviasalisease, excessive weight, fatigue, and otliemic diseases
of aging. All patients with sufficient baseline afadlow-up parameters were included in this series.

Clinic procedures

On the first visit, a comprehensive history anddphysical examination was performed. Clinicabimhation was
obtained and dietary instruction was provided lojidcal team consisting of a naturopath, nutritgnand
physician. After the first visit, the patients waygically contacted by telephone after 2-4 weelksl a return visit
was scheduled for 2-3 months later for follow-upleation and labs.

Dietary recommendation

The diet included unlimited amounts of certain fatsl oils, a restricted amount of protein, andrg limited
amount of carbohydrate. Patients were told to éesrvthey were hungry. Calories were not explicilstricted;
calorie intake was determined only by levels ofgem Recommended sources of fat included raw mdsaeds,
avocados, olives and olive oil, flax oil and cogkli oil. The intake of protein was told to be liedtto



approximately 1.0 grams/kg lean body mass per iaygased for exercise to 1.25 grams/day). As @trenost
patients were instructed to eat from 50-80 gramzofein per day. Recommended sources of proteloded
sardines, fish, eggs, tofu, chicken, turkey, wildats, low-fat cheeses (cottage, ricotta, swisgfpse, and veggie
burgers. Only non-starchy, fibrous vegetables vaeceptable: lettuce, greens, broccoli, cauliflowegumbers,
mushrooms, onions, peppers, sprouts, asparaguseameted. Though not explicitly stated, the gerdiedhry
intake as percent daily caloric intake from mactdeats for most people ended up by history to fygreximately
20% carbohydrate, 20% protein, and 60% fat. Forkilig, 6-8 eight ounce glasses of water and/ordidea were
recommended. A written handout with a list of adabje and unacceptable foods was provided.

Nutritional supplementation

Nutritional supplements to support fat metabolistd anhance insulin sensitivity were recommended|tpatients
to be taken on a daily basis: L-carnitine 2000nhghalipoic acid 400mg, coenzyme Q10 100 mg, 1 ttaspliver
oil, magnesium 300mg, potassium 300mg, vitamin Q0b@y, vitamin E 800mg daily, and a multivitamin
consisting of all essential B vitamins and minerél$, 16).

Medication adjustment

If an individual was taking lipid-lowering or suliglurea medications, these medications were dignoed at the
first visit before starting the diet. In those patis taking blood pressure medication, medicatias adjusted or,
altogether discontinued, if low normal blood pressuvere observed during the course of the intéiarerBecause
these patients were seen in clinical practiceeptgiwere responsible for purchasing their own kupents.

Outcome measures

At baseline and return clinic visits, body weigrdasumeasured on the same scale (Tanita Model TBR;3hita
Corporation of America, Inc. Arlington Heights,itibis). Baseline and follow-up laboratory measuretséncluded
body weight and sitting blood pressure. Laborafmagameters included serum glucose, insulin, lepdia)
cholesterol, LDL, HDL, triglycerides (TG), free E&&d thyroid stimulating hormone (TSH) following 2 hour
fast. The clinical data were abstracted from thdioa charts and entered into a computer datababewt
identifying information.

Statistical Analysis

The primary analysis was a “pre-post” analysis carmg baseline to follow-up values using a pairéekt.
Individual percent changes for each laboratory patar were determined and used to calculate tha pe@ent
change. This de-identified analysis of existingiclal data was approved by the Duke University MadCenter
Institutional Review Board.
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Patient demographics of those who had completdibasand follow-up laboratory tests are displayedable 1a.
The mean age was 57.6 + 2.4 years consisting off88%ale and 47% male patients. The average durbgbmeen
baseline and follow up measurements was 91.5 t&5.

Table 1a

Baseline patient characteristicsSummary of patdentographics. This population of patients consistddghly
motivated, primarily Caucasian individuals. (Dataresented as + S.E.M.)



The recommendation of a high fat, adequate prol@mgcarbohydrate diet resulted in a significarsslof body
weight by 7.1 + 0.8 Ibs in this patient populat{@able 1b; Figure 1 ). Accompanied by the weighswaasignificant
reduction in both systolic and diastolic blood gree by 10.2 + 2.1% and 11.4 + 1.8% mmHg, respelgtiserum
levels of leptin, insulin, fasting glucose, andeffE3 significantly decreased from baseline levglg®.2 + 3.8%,
40.1 £ 4.7%, 7.6 + 2.1%, and 10.8 + 1.8%, respefti(Table 1b; Figure 1 ). In addition, despite ithtake of
predominantly fat, there was a significant decréasgglyceride (28.3 + 5.7%) in this patient gmurhe
triglyceride/HDL ratio decreased from 5.1 + 1.72t6 + 0.5. Serum creatinine and TSH did not change
significantly.

Table 1b

Effect of Diet Program on Body Weight and Fastirgusn LevelsEffect of dietary and nutritional suppént
therapy on gravimetric measurements and fastingnsézvels. Patient physicals were performed atrttial and
final, follow up clinic visits. (more ...)

Figure 1

Directional impact of dietary intervention on clial parameters of aging. The percent change frasuline is
indicated for the averaged data taken from eadbma{*p<0.001; data presented as = S.E.M.) Abiat@ns:
Gluc, glucose; (more ...)
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This retrospective analysis of patients from agewclinic adhering to a high-fat, low carbohydratgequate

protein diet demonstrated reductions in criticatabelic mediators including insulin, leptin, glueosriglycerides,
and free T3. Moreover, the patient group, on awerbst significant weight even though they wereinstructed to
reduce calorie intake. These findings are condistéh other studies showing weight loss and reidustin fasting
serum insulin with a low carbohydrate, ketogenit @17, 18). The ability of the diet to lower thgemgameters,
especially TGs and body weight, seems countefatodstrd thinking considering the increased ingesifdiats. A
possible explanation is that the resultant lowptiteand insulin was indicative of increased legtid insulin
sensitivity, resulting in increasgdoxidation, hypothalamic mediated increased sataty possibly subconsciously
lowered caloric intake (19, 20).

It has been known for some time that differentatigfats appear to have varying effects on insséinsitive tissues
and this may differentially impact the metabolicgraeters measured in this study (21, 22). Numestudies have
demonstrated that reduced glucose (carbohydrabs}rsites in the diet suppress hepatic de novo daity
biosynthesis, triglyceride production, and triglside secretion, while enhancing hepatic, adiposd,skeletal
muscle fatty acid oxidation (22-24).

Nonetheless, the impact of this dietary approachging mechanisms can only be implied from compasswith
longevity studies that have examined the same robtgarameters. Many aging studies have usediealor
restriction as the means to impact aging. Thesestyb studies become difficult in humans for theiobs reasons
of dietary compliance, human lifespan duration, emedmultiple and complex confounding factors. #is reason,
investigators have examined the effectiveness ajlwéoss as a surrogate for caloric restrictiorhaman mortality
rates (25) but have found an increased mortaltgyaad reduced lifespan (26). The reason is thayrofthese



studies did not distinguish between intentional anohtentional weight loss with the latter usuakgulting from
disease and, thus, increased mortality. It is noecslated that fat loss as opposed to weight leseedses all-cause
mortality in humans (25).

Patients in this study demonstrated a similar tiveal impact on the measured parameters when cetpa
studies using more established models of longeith as caloric restriction. The patients in thislg
demonstrated significant weight loss along witle@uction in glucoregulatory mediators includinguiivs and
leptin similar to those found in calorie-restrici@imates (27, 28). Moreover, calorie restrictednates
demonstrated a positive relationship between fatake and leptin levels (29). Thus, although p#tievere not
told to restrict calories, there may have beerdaation in caloric intake secondary to reduced lamjvgth the
decrease in circulating leptin reflecting an ineea leptin sensitivity (19, 30). Interestingligis study cohort
exhibited a reduction in circulating free T3, tleereted form of thyroid hormone thought to medratest of thyroid
actions. Paralleling this reduction in circulatiinge T3, 9 patients of this study cohort that hadab body
temperatures measured before and after intervestiowed a significant decrease (p=0.004) in basay b
temperature of 0.182 degrees C. Similar findingseweported in caloric restricted rodents, monkéyspans, and
centenarians (31-34). It has been suggested thaetiuction in T3 and body temperature could dfteraging
process by reflecting a reducing metabolic ratédaiive stress, and systemic inflammation (35, 36).

It is important to note that the dietary recommeiaafiain this study is unique from other ketogenietsl in that this
dietary intervention limits protein intake as wadl carbohydrates (though not total fat intakedak been
demonstrated that the longevity effects of caloewriction can be partially attributed to the retitan in protein
intake (37). It has been shown that limiting digtamino acids, specifically methionine, inhibitgrsaling through
mammalian target of rapamycin (mTOR) thereby destngamitochondrial damage and protein translati8) 89).
Future studies will be aimed at investigating tin@act of a high fat, low carbohydrate with limitedt adequate
protein on mTOR signaling.

Because this was a retrospective analysis of &alipractice, there may be bias introduced ingi#gent sampling
procedure. This study reflects the effect of recamding this diet in a clinical practice, so foothke was not
directly measured. In addition, this sample popaitetay reflect the results in highly motivatediinduals.
Though the metabolic improvements occurred in pi&igvho had both high and low weight loss, the mmpments
in metabolic parameters may be all or partially thuthe weight loss. It should be noted, howevet the percent
reduction in leptin particularly far exceeded tleeqentage of fat loss and may not be explainedysatea result of
this fat loss. Also, it remains unclear as to thetdbutions of the suggested nutritional suppletaon to the
observed outcomes.

In conclusion, a nutritional program recommendatiaginally designed to treat chronic diseasesgifigled to
weight loss and metabolic changes currently thotmbe beneficial in reducing the aging processthen research
regarding this dietary approach and its relatigmshiaging is in order.
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Diet Soda, Sodium Tied to Kidney Trouble: Studies

It's more proof that what you eat and drink affédwalth, researchers say
HealthDay

By Robert Preidt

Monday, November 2, 2009

MONDAY, Nov. 2 (HealthDay News) -- A diet high salt or artificially sweetened drinks increasesrtbk of
kidney function decline, two studies show.

"There are currently limited data on the role @tdn kidney disease," researcher Dr. Julie LirBo§ham and
Women's Hospital in Boston, said in a news releasthile more study is needed, our research suggestdigher
sodium and artificially sweetened soda intake asdeiated with greater rate of decline in kidneyction."

The first study looked at diet and kidney functaecline in more than 3,000 women enrolled in th#onal Nurses'
Health Study. The researchers found that "in womiim well-preserved kidney function, higher dietagdium
intake was associated with greater kidney funatiecline, which is consistent with experimental aadiohata that
high sodium intake promotes progressive kidneyatise'

The second study looked at the association betaegar- and artificially-sweetened beverages andekidunction
decline in the same group of women. The researd¢baral an association between two or more sernyegslay of
artificially sweetened soda and a two-fold increlassk of faster kidney function decline. There wasconnection
between sugar-sweetened beverages and kidneydomscline.



The association between atrtificially sweetened kayes and kidney function decline persisted afteraind
colleague Dr. Gary Curhan accounted for other facguch as age, obesity, high blood pressureettiabsmoking,
physical activity, caloric intake and cardiovasculsease.

Further study is needed to better understand htificiel sweeteners influence kidney function deeli the
researchers said.

The studies were to be presented this week atrihesh meeting of the American Society of NephroldgySan
Diego.

SOURCE: American Society of Nephrology, news redeg@ct. 31, 2009

HealthDay

Copyright (c) 2009 ScoutNews, LLC. All rights reged.

Related News:

http://www.medicinenet.com/thyroid_peroxidase_iad#x.htm
Featured: Thyroid Peroxidase Test Main Article

The thyroid peroxidase test measures the leveh afribody that is directed against thyroid perasi (TPO). A
presence of TPOADb in the blood reflects a pricacktby the body's immune system on thyroid tissugositive
thyroid peroxidase test may signal chronic thyitigdiOther autoimmune disorders, however, may lzapesitive
TPOADb test, including lupus, rheumatoid arthri8gpgren’'s syndrome, or pernicious anemia.

Journal of Clinical Endocrinology & Metabolism, Vé#, 1331-1335, Copyright © 1992 by Endocrine Stycie
ARTICLES

Interferon-gamma reduces the thyroid peroxidase caent of cultured human thyrocytes and inhibits its
increase induced by thyrotropin

H Asakawa, T Hanafusa, T Kobayashi, S Takai, N Kand S Tarui
Second Department of Internal Medicine, Osaka UsitieeMedical School, Japan.
ESSENCE OF ARTICLE

“ IFN gamma also inhibited the increase in TPO eahinduced by TSH. Thus, complex interactions appe exist
between IFN gamma and TSH or thyroid-stimulatinticedies in the modulation of hormone secretion and
autoimmune phenomena in the thyroid.”

ARTICLE

To clarify the role of interferon-gamma (IFN gamniaputoimmune thyroid diseases, we investigatedeffects of
IFN gamma on the content of thyroid peroxidase (Y&l the expression of HLA-DR antigens in cultunedmal
human thyrocytes. The effect of TSH on the actibliFbl gamma was investigated. Immunofluorescenamisty



and photometric analysis showed that IFN gammanlytinduced the expression of DR antigen, but a¢stuced
the content of TPO in a concentration-dependenteahe addition of TSH increased the contentP®Tand
enhanced the IFN gamma-induced expression of DigeantlFN gamma also inhibited the increase in Tde@tent
induced by TSH. Thus, complex interactions appeaxist between IFN gamma and TSH or thyroid-statiog
antibodies in the modulation of hormone secretioth @autoimmune phenomena in the thyroid.
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Tumor necrosis factor-alpha and interferon-gamma mdulate gene expression of type | 5'-deiodinase, ttoid
peroxidase, and thyroglobulin in FRTL-5 rat thyroid cells

KT Tang, LE Braverman and WJ DeVito
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ESSENCE OF ARTICLE

"These findings indicate that TNF-alpha and IFN-g@arin combination have a marked inhibitory effeettloyroid
function, which is consistent with a decrease jdld hormone synthesis and metabolism. "

ARTICLE

Interferon-gamma (IFN-gamma) and tumor necrosi®faalpha (TNF- alpha) have many effects on a nurobe
cell types, including thyrotrophs. In the presdntly, we used FRTLS5 cells, a cultured rat thyratidular cell
line, to examine the effects of IFN-gamma and TN#a on type | 5'-deiodinase (5'D-1) activity arl®3, thyroid
peroxidase (TPO) and thyroglobulin (Tg) gene exgioes Incubation of FRTL5 cells with the highest
concentrations of TNF-alpha and IFN-gamma test@0@Ing/ml or 1000 U/ml, respectively) for 72 hliret
presence and absence of TSH had no effect oniability as assessed by trypan blue exclusion.3iddeprived
FRTL-5 cells, TNF-alpha and IFN- gamma resulted Bmall but dose-dependent decrease in 5'D-1 activNF-
alpha or IFN-gamma blocked the TSH- or cAMP-induded in 5'D-I activity. 100 ng/ml TNF-alpha andQL0/ml
IFN-gamma completely blocked the TSH- or cAMP-ingdicise in 5' D-I activity. However, when cells wer
incubated with TNF-alpha and IFN-gamma, in combamgtthere was a marked decrease in 5'D-1 actiwitih
TNF- alpha (25 ng/ml) plus IFN-gamma (25 U/ml) cdetely blocking the TSH- induced rise in 5'D-l aitly.
Northern blot analyses were performed to examieesffect of TNF-alpha and IFN-gamma on 5'D-I gene
expression. TNF-alpha had little effect on 5'D-lssenger RNA (mMRNA) levels, while IFN-gamma resuited
modest decrease in 5'D-I MRNA levels in TSH-degtivells, and in TSH-stimulated FRTL-5 cells. Howewehen
TNF-alpha and IFN-gamma were added in combinatienet was a marked decrease in 5'D-1 gene expresiion
TNF-alpha (50 ng/ml) plus IFN-gamma (50 U/ml) desiag 5'D-1 mRNA levels by 89 percent in TSH-depdv
cells. In TSH-stimulated cells incubated with 5@@ml TNF-alpha plus 500 U/ml IFN-gamma, 5'D-1 mRN&vels
were almost undetectable. We also examined theteffdFN-gamma and TNF- alpha on TPO and Tg gene
expression. As observed with 5'D-1 mRNA levelsréheas a synergistic effect of IFN-gamma and TN#halon
the inhibition of basal and TSH-stimulated TPO aigdgene expression. These findings indicate tha-alpha
and IFN-gamma in combination have a marked inhibitdfect on thyroid function, which is consistevith a
decrease in thyroid hormone synthesis and metabolis
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ESSENCE OF ARTICLE

We have previously demonstrated that IFN-gammaragspd thyroid-stimulating hormone (TSH)-stimulated
thyroglobulin (TG) synthesis in human thyrocyteotigh inhibition of TG gene transcription. "

ARTICLE
Abstract

Interferon-gamma (IFN-gamma) has been recognized$sess diverse non-immunological effects on elith
cells such as cellular growth and differentiatide have previously demonstrated that IFN-gammarssgspd
thyroid-stimulating hormone (TSH)-stimulated thyiagulin (TG) synthesis in human thyrocytes througfibition
of TG gene transcription. To define the pathologmachanism involved in the action of IFN-gamma, stdied
the ultrastructural changes of human thyrocytetioed in monolayer. Stimulation of the thyrocytathwSH 10
muU/ml for 2 days resulted in marked increase inr&l@ase into the medium. This was accompanieddmngeakion
of microvilli, increase in follicles and acinar foation, increase in secretory granules and proromen Golgi
apparatus and rough-surfaced endoplasmic reticuidgdition of IFN-gamma (500 U/ml) resulted in madke
degeneration with shrinkage of the cell membraaeywlation of cytoplasm, swollen mitochondria anelspnce of
lysosomal granules. Co-culturing the thyrocyteslite IFN-gamma and TSH resulted in suppressidgheof
morphological responsiveness to TSH. There wassalppression of TSH-induced TG secretion. Howeate500
U/ml IFN-gamma did not cause lysis of the thyrosyas estimated by the cellular DNA content. Furtieee,
binucleated cells were frequently encountered as¢hwells that were treated with IFN-gamma foregithor 5



days. The findings suggest that IFN-gamma resite-differentiation and degeneration of the tleytes, which
subsequently regained the growth potential and stattempts at regeneration. This may explain whgtm
patients with lymphocytic thyroiditis recover fraime acute injury and do not suffer from permanent
hypothyroidism.
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“.However, trans fat intake may be associated SifiD risk among women with CHD, suggesting thatdrian
intake may play a greater role in SCD risk amorgg¢hwith clinically manifest atherosclerosis.”



ARTICLE

BACKGROUND: Total intake of trans fat is associateith coronary heart disease (CHD), and recentrtepo
primarily male populations suggest that blood Is\aIspecific trans isomers may have differentat#en risk,
particularly risk of sudden cardiac death (SCD). TWEDDS: We prospectively examined the associatidwéen
dietary intake of trans fat and SCD among 86,76&hem from the Nurses' Health Study. Coronary hdagase
risk factors, including diet and lifestyle factovggre updated via questionnaires every 2 to 4 ybaginning in
1980. RESULTS: Over 26 years, we documented 317 &Dts. In the primary analysis, we found no $icgunt
association between intake of total trans fat,st+&8:1, or trans-18:2 isomers and risk of SCD. Canegh to the
lowest quintile of intake, the relative risk (95%) ©f SCD in the highest quintile was 1.28 (0.82).for total
trans, 1.08 (0.64-1.83) for trans-18:1, and 1.196€1.88) for trans-18:2. In a secondary prespatifinalysis, total
trans fat was significantly related to SCD amongnga who reported a diagnosis of CHD before SCIafinad risk
3.24, 95% CI 1.42-7.40 for the highest vs loweshtje, P trend = .01); however, the test for iation was not
significant (P = .11). CONCLUSIONS: In this largeppective cohort of women, neither dietary intaké&ans fat
nor the individual trans isomers, trans-18:1 aadd4r18:2, were significantly associated with ri§ls€D. However,
trans fat intake may be associated with SCD riskragrwomen with CHD, suggesting that trans fat iatalay play
a greater role in SCD risk among those with clilycananifest atherosclerosis.
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ESSENCE OF ARTICLE

"These results indicate that supplementation vathdoses of vitamins and trace elements is ablaginlly correct
corresponding deficiencies in the institutionalizéderly. Moreover, zinc and selenium reduced itifes events.:

ARTICLE

To determine the impact of a trace element andniitasupplementation on infectious morbidity, a deilind
controlled trial was performed on 81 elderly subjén a geriatric center during a 2-year periocj&cts were
randomly assigned to one of four treatment groapd,received daily: placebo; trace elements/zinmgp
selenium 100 micrograms); vitamins (vitamin C 12@; imeta-carotene 6 mg; alpha-tocopherol 15 mgj; or
combination of trace elements and vitamins at edasés. (1) Before supplementation, low serum gallu@itamin
C, folate, zinc and selenium were observed in rtimaa two thirds of the patients. (2) After 6 montiis
supplementation, a significant increase in vitaamd trace element serum levels was obtained indfresponding
treatment groups: a plateau was then observetiéowhole study. (3) Subjects who received traceetas (zinc
and selenium) alone or associated with vitaminsdiguwificantly less infectious events during thgears of
supplementation. These results indicate that sopgiéation with low doses of vitamins and trace &ptsis able



to rapidly correct corresponding deficiencies ia thstitutionalized elderly. Moreover, zinc andeselm reduced
infectious events.
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“RESULTS: Eighteen subjects in the control grond 46 subjects in the experimental group consumeal/arage
of 7 ounces of formula daily and completed the di&88-study. Median days of symptoms of URTI wereaBge O-
69, total days=156) and O (range 0-49, total da8¥£at the control and experimental groups, respelst
(P=.049). On Day 57, seven of 17 (41%) subjectheéncontrol group and 13 of 15 (87%) subjects & th
experimental group achieved a fourfold or greaterdase in serum antibody titer to A/Beijing (P2D1
Lymphocyte proliferation to influenza vaccine compats was greater in the experimental (median=1¢p6é%
range=0-14,955 cpm) than the control group (medi&6=cpm, range=0-4,270 cpm) (P=.013).”

Abstract and Introduction
Abstract

Objectives: To assess whether an experimentatltionial formula, given as a supplement, would redieygs of
symptoms of upper respiratory tract infection (URamhd affect antibody and lymphocyte proliferatresponses to
influenza vaccine.

Design: A prospective, randomized, double-blindytomlled trial was conducted between October 1999 April
2000.

Setting: Assisted- and independent-living facistia North Central Florida.
Participants: Sixty-six individuals, aged 65 andeol

Intervention: Subjects received 8 0z/d of an experital formula containing antioxidants, zinc, selen
fermentable oligosaccharides, and structured tigégserol or an isoenergetic, isonitrogenous cdrfsomula for
183 days.

Measurements: Subjects recorded daily symptomdaRIflUAntibody titers and lymphocyte proliferatiom three
influenza vaccine components were measured on Dagsd 183.



Results: Eighteen subjects in the control groupEhdubjects in the experimental group consumealvarage of 7
ounces of formula daily and completed the 183-daghys Median days of symptoms of URTI were 3 (rafef9,
total days=156) and O (range 0-49, total days=@8)He control and experimental groups, respegtigle: .049).
On Day 57, seven of 17 (41%) subjects in the coghamup and 13 of 15 (87%) subjects in the expenitalegroup
achieved a fourfold or greater increase in serutibady titer to A/Beijing (P=.012). Lymphocyte pif@ration to
influenza vaccine components was greater in theraxgntal (median=1,365 cpm, range=0-14,955 cpan) the
control group (median=136 cpm, range=0-4,270 cita) {13).

Conclusion: Subjects consuming an experimentaltiartal formula experienced enhanced immune fumctiod
fewer days of URTI symptoms.

Introduction

Advanced age is associated with increased riskitsfamt deficiency and altered regulation of therione
system.[1] Nutrient deficiencies in the young atezly can impair immune function; nutrient supplenation can
restore normal immune capacity.[2-4] Consequettiigre has been interest in determining whetheiemitr
supplementation in seniors could attenuate agezeded declines in immune function.[3-8]

Well-documented clinical and experimental studegsort an age-associated decrease in immune funaiidoding
antibody response to vaccination.[9-13] Influen#agtions significantly affect morbidity and moitglin the aged,
and when vaccinated, seniors experience a lowéaaht response than that observed in young healthy
cohorts.[9,14,15] One study noted that, in a pareof 210 seniors hospitalized with influenza9181%) had
been vaccinated against influenza, indicating aptitmal response to the vaccine or less-than-adequatection
from the influenza vaccine.[16]

As early as the 1950s, single-nutrient deficieneiese known to suppress vaccine response.[17] Marently, it
was shown that nutritional supplementation enhanoébody responses to influenza vaccination inaserj4,5,8]
A few studies have investigated the influence dfiaat supplementation on immune function in semiand found
a clinically meaningful benefit, such as reducdddtion rates or days of illness. A more recentigtexamined the
effect of trace-element (zinc and selenium) suppl@ation on immune function and infections in ingionalized
seniors (mean age 83).[8] Supplementation withetedlements corrected a selenium deficiency, enllibaicgbody
titers to influenza vaccination, and showed a trienehrd fewer subjects with respiratory tract iniees.[8]
Another study reported better immune responsiveaedsfewer infection-related illnesses" with a tivitamin
supplement than with a placebo in apparently hgaitiiependent-living elderly (mean age 75).[4] &th
researchers have supplemented the diets of semdrfund no immunological benefit or reductiomaute
respiratory tract infections.[18-20]

Research conducted in military personnel has shiowmune dysregulation caused by stress that is airolthe
immune dysregulation noted in the elderly (e.gergy and decreased proliferative response).[21S24Eral
nutritional formulations had previously been tedtetil one was identified that minimized stresstioeld immune
dysregulation. The formula contained vitamins andemals, with elevated levels of antioxidants (mitas E, C 8-
carotene), selenium, zinc, fructo-oligosaccharifi@snentable oligosaccharides), and structureddia unique
triacylglycerol containing long- and medium-chaatty acids from canola and medium-chain triacylghpds).
Several of the nutrients included have been shovamhance or support immune function in studies of
seniors.[7,25-27] Fructo-oligosaccharides are fgatiuble and fermentable to short-chain fattydadn the large
bowel, thus maintaining gastrointestinal health 288 Structured lipids have been shown to enhame@bsorption
of lipid-soluble nutrients[30] and have the potehto be a unique energy substrate for metabojicaitive cells
such as leukocytes.[31]



The objective of this study was to supplement ile¢ af relatively healthy independent- and assiitgdg seniors
with an experimental formula (containing proteintiexidants (vitamins E, G§-carotene), selenium, zinc, fructo-
oligosaccharides, and structured triacylglyceralj determine, in a prospectively designed studthdr seniors
who were at risk of developing infections would dareduced number of days of symptoms of uppeiretsry
tract infections (URTI) during the cold and inflenseason (October 1999-April 2000). Antibody $itend
lymphocyte proliferative response to influenza vae@components were also measured as markers afrfiem
function.

Methods
Subjects

Ambulatory men and women, aged 65 and older, wemmiited from six assisted-living and seven indeeeit
living facilities in Gainesville and Ocala, Floridduring September and October 1999. The studycanaducted
from October 1999 through April 2000. Subjects wexeluded if they were taking vitamin K-dependent
anticoagulant medication; allergic to any composerithe study or control formula; ineligible tacedve the
influenza vaccine; currently being treated for Aither's disease, insulin-dependent diabetes nglbturenal,
hepatic, gastrointestinal, or immune system insigfficy or disease; receiving treatments known feecathe
immune response; or receiving supplemental oxygeatfleast 12 hours continuously per day. Subjebts would
not agree to discontinue taking dietary supplemgtteer than calcium, vitamin D, iron, vitamin Bitections, or
fiber), had smoked within the past 5 years, ord&ddy mass index (BMI) of 32 kg/m2 or greater wexeluded.
Informed consent was obtained from all subjectheir surrogate after the nature of the study andedures had
been explained. The study protocol and informedsentwere in accordance with the Helsinki Declaratf 1975
and the 1983 revision and were approved by théutishal review board at the University of Florida

Before randomization, a nurse practitioner recor@ee@tailed medical history, body weight and heigate
measured to calculate BMI, and subjects complétedetermine Your Nutritional Health questionnaire
(NHQ).[32] Subjects were then stratified by agex, sand score on the NHQ and randomized based on the
stratification sequence to receive the experimenmtah isoenergetic, isonitrogenous control fornfulable 1 ).
Each independent- or assisted-living facility waatified and randomized individually.

Study Design

A prospective, randomized, parallel, double-blioohtrolled design was used. On study Day 0 (basglan
nonfasting blood sample was collected and analf@edtamin E concentrations, clinical chemistriasd
hematology, as well as lymphocyte proliferation antibody titers to influenza vaccine componentmi€al
chemistries and hematology analyses were perfoahadentral laboratory facility (SmithKline Beeamalampa,
FL).

Randomization envelopes were opened to determinly gfroup assignment, and all subjects were instdum
consume one 8-ounce can of control or experimdaotaiula ( Table 1 ); both groups received the same
potency vitamin/mineral supplement tablet (Multitd8 with Minerals, Vitamin Power, Freeport, NY (bla1l ))
daily for the next 183 days. This was to ensuré dliasubjects received some supplemental vitamimtsminerals
along with their normal diets. Subjects completailydcase report forms for study formula and mitiéimin intake,
symptoms of URTI, and gastrointestinal toleranael®3 days. Symptoms of URTI were analyzed frondgiDay
15 forward (169 days used for analysis). This desirluded any infections present but not yet spmatic at
enrollment and evaluated subjects' ability to catgtaily case report forms. Subjects unable tordeimformation
on their own were identified within the first 15ydathereafter, nursing personnel or study invesbics verbally
presented the questions on the case report forthese subjects daily and recorded their responses.



On study day 152 days, subjects were vaccinatddasingle lot of Influenza Virus Vaccine, TrivateTypes A
and B Fluogen (lot #03079P, Parkedale PharmacésjtRachester, MI). The U.S. Public Health Service
formulated this vaccine for the 1999-2000 seadarpritained 15 pg of each of the following hematjgio
antigens: A/Beijing/262/95 (H1N1), A/Sydney/5/973NR2), and B/Yamanashi/166/98 (B/Beijing/184/93-Jike
This antigen composition was the same as the 1998-ihfluenza vaccine. On study day 57+3 days @&d
postvaccination), a nonfasting, postvaccinatiorotllsample was collected for determination of sevitemin E,
and influenza antibody titers and lymphocyte peshtion to vaccine components. This postvaccingimint was
selected based on other studies[33,34] and to etisat antibody responses had peaked.[34] In addlisiome
seniors seroconvert to the influenza vaccine dftereeks.[35] Blood samples were obtained at thelosion of the
study (Day 183+3, final blood draw) for clinicalerhistries, hematology, serum vitamin E, and lymptec
proliferation and antibody titers to vaccine comguats.

Subjects were instructed to continue their previdasstyle (including diet and exercise) and todrporate study
formulas into their diet without changing body wtigluring the study. Subjects were weighed at basebnce
each month, and on Day 183. Adverse events welectedl throughout the study and for an additiofati8ys after
cessation of formula consumption.

Outcome Variables

The primary variable was the number of days witimstoms of URTI recorded by the subjects daily. idss
symptoms included cough, running or congested reuge, throat, stiffness or chills, fever, achinessl headache.
Combinations of two or more symptoms, including onenore of the first three listed symptoms, wesérebd as a
day of URTI symptoms. An URTI was defined as symmdasting two or more consecutive days. A new URTI
was defined as an initial infection separated feonew URTI episode by 5 or more symptom-free days.

Secondary variables included antibody responsdyamghocyte proliferation to influenza vaccine compats at
baseline, postvaccination (Day 57), and final sttiche points (Day 183). Additional outcome variahiecluded
symptoms of gastrointestinal intolerance (diarrlvemstipation, bloating, flatulence, nausea, amditing). Serum
vitamin E @-tocopherol) was measured at baseline, postvadmmatnd final study time points as a marker of the
experimental group's compliance. The control foaredntained no addedtocopherol, whereas the experimental
formula contained 135 mgrtocopherol (all natural form, RRER-tocopherol) per 8-ounce serving.

Antibody Titers

Blood for determination of antibody response todbmponents of the influenza vaccine was collette®alST-Gel
Clot Activator Vacutainer Tubes (Beckton Dickins&manklin Lakes, NJ). Serum was separated, froaed,
shipped on dry ice for analysis to Ross Productssioin, Abbott Laboratories (Columbus, OH). Base]in
postvaccination, and final influenza antibody 8terere quantitated simultaneously using a modified
hemagglutination inhibition (HI) procedure usedthg World Health Organization Collaborating Ceriter
Influenza, Centers for Disease Control and Prewar(htlanta, GA).[36] Modifications to the HI mettioncluded a
doubling of the reagent dilution volumes (25-50 jahyl a 2-hour incubation (second hour at 4 °Ceatsbf 30
minutes for agglutination pattern development. htitzody titers are reported as the reciprocal eflilghest serum
dilution causing complete inhibition of chicken reldod cell agglutination. Subjects with a fourf@dgreater
increase in antibody titer to a vaccine componesreveonsidered responders.

Lymphocyte Proliferation

Venous blood was collected at the same time ofili&ayo 10-mL ethylenediamine tetraacetic acid-cddtées and
shipped overnight on ice to the Medical Colleg@ehnsylvania Hahnemann School of Medicine (Phif#da)

PA) to assess lymphocyte proliferation. Blood sasplere received at approximately the same tintapfand
immediately upon arrival, lymphocytes were sepakraded influenza-induced proliferation to previgudialyzed



1999-2000 trivalent influenza virus vaccine at 200: dilution in complete media was assessed ubimgdame lot of
vaccine as administered to subjects, as previalesgribed.[9] Proliferation was expressed as nattsoper minute
(cpm).

Preliminary studies showed that the proliferatiesponse of samples held overnight was not less8®#nof the
response of samples run immediately (within 4 hafitdood draw).

Vitamin E Concentrations

Blood for determination of vitamin E concentratiomas collected in serum SST-Gel Clot Activator Viater
Tubes. Serum was separated, frozen, and shippdd/ace for analysis by Craft Technologies, Inc.iigan, NC).
High-performance liquid chromatography was useideatify and quantitate-tocopherol using modifications of
methods.[37] Serum vitamin E concentrations weterd@ned and compared by normalizing the conceotrao
the total lipid (from the clinical chemistries)tine serum, because vitamin E is a lipid-solubleient.

Statistical Analysis

Sample size determinations were based on the day&otion as described in a previous study.[4]eéByracting
midpoints of line segments of that study's figthe, number of days of URTI was determined to bea@g with a
standard deviation (SD) of 17 (the previous stugphorted a SD of approximately 6). The current stweg
different in that subjects were followed for 6 mws{during cold and influenza season), versus 12tmsan the
previous study. Using the more conservative vagaggtimation, a sample size of 48 (24/group) wbialde 80%
power to detect a 30% difference in mean days wiggms of infections using a two-group t test veittd5 two-
sided significance level.

The days with symptoms of URTI and several otheiabées were not normally distributed or ordinahisture;
therefore, the Wilcoxon rank sum test was usedufadysis. Categorical variables with more than tategories,
such as ethnicity and reason for exit, were andlyméng the chi-square test. Categorical variabigs only two
categories, such as sex and questions with yesfiponses, were analyzed using Fisher exact tesabies that
approximated a normal distribution, such as agghieweight, BMI, NHQ total score, clinical chertriss,
hematology (except for platelets and differentily, of influenza antibody, angitocopherol, were analyzed using
the two-sample t test at each time point.

Subjects completing the 183 days of study weresiflad as study completers. All enrolled subjecésevevaluated
in an intent-to-treat analysis. Results from thisup were also evaluated at each time point with\alilable data.
(Individuals who dropped from the study did not\ypde follow-up blood samples. Nor were URTI symptdata
collected from the time the subjects stopped coimsgithe assigned formula.) Results were considstatistically
different at the two-tailed 0.05 alpha level. $tftal analysis was performed with SAS statistizdtware (SAS
Institute, Inc., Cary, NC).

Results

Sixty-six subjects were enrolled in the trial. Twethree of the 32 subjects in the control groug a8 of the 34
subjects in the experimental group were still pgrtting in the study at the Day 57 blood draw.hign subjects
in the control group and 16 subjects in the expenital group completed the trial and were designstigdly
completers. The number of subjects who dropped flenstudy was not different between groups. Foarnelated
reasons for withdrawing were as follows: taste (ometrol, one experimental), gastrointestinal crenggone
experimental), diarrhea (one control), flatulenaeg control, one experimental), vomiting (one ekpental), and
weight gain (four experimental). Three subjectsengithdrawn from the study because of a suspected-firug
interaction between the protein concentration endbntrol and experimental formulas and the antiiRson
medication carbidopa-levodopa.[38] One 95-yearsoidject in the control group died of natural cau$ésee



subjects were withdrawn after they relocated atsiroke (one control, one experimental) or faflgo
experimental). Fourteen subjects asked to be diseed from the study for unspecified reasons (edgimtrol, six
experimental). In addition, because of technicabpgms or the unavailability of a subject due faraily
emergency (one experimental), not all laboratota deere available for all subjects at all time p®in

Average BMI was not different in the experimentadlaontrol groups at baseline ( Table 2) or okerdourse of
the study for all subjects (intent-to-treat) ordstecompleters. Additionally, mean weight change am&n change
in BMI were not different between the experimemtadl control groups over the course of the studytferintent-to-
treat subjects or study completers (data not shoWmg most frequent reason for withdrawing fromshely was
unwanted weight gain. One subject in the experialegroup asked to be taken off the study when ghtajain of
3.6 kg (5.5% above baseline weight) occurred dwveffitst 8 weeks of supplementation. At one assibteng
facility, the staff physician removed all his sutigefrom the study because of weight gain. Thebgests, all in the
experimental group, gained an average of 6.1+1.(Bl&p0+2.1% above baseline) over the first 11 weeks

There were no differences in age, number of subjbb resided in assisted living facilities, or between the
control and experimental groups for study compgeterd intent-to-treat subjects ( Table 2 ). Hestifttus, serum
albumin ( Table 2 ), NHQ responses, lymphocyte toamd total lipids (data not shown) were not ddfet between
the experimental and control groups for study catgps and intent-to-treat subjects at any timetp@inelve of
the 34 study completers (35%) and 29 of the 66 {iatént-to-treat subjects took a multivitamin/miale
supplement before baseline; this was not diffebetiveen study groups.

Thea-tocopherol/total lipid ratio (x1,000) was 5.9548,5.43+0.41, and 4.09+0.23 of study completerscfatrol
formula and 5.27+056, 6.91+0.43, and 6.08+0.33wdscompleters fed experimental formula at baselin
postvaccination, and final blood draws, respecyivEhere were no differences in baselintcopherol/lipid ratio
or a-tocopherol concentrations between groups (datatmmin) for the study completers or intent-to-taijects
(data not shown). The subjects who were fed therxental formula achieved a higher mean segtiocopherol
concentration and-tocopherol/lipid ratio at postvaccination (stusympleters) and final blood draws (study
completers and intent-to-treat) than the subjetts were fed control formula (P=.019).

The median days with cold and influenza symptomisspbject who completed the study were 3 (rang8)de
subjects fed the control formula and 0 (range OR¥2049, Figure 1) for subjects fed the experimentanula. For
intent-to-treat subjects, median days with symptperssubject were 1 (range 0-69) in the controugrand 0O
(range 0-49, P=.076) in the experimental groupth®fstudy completers, 13 of 18 subjects fed thérobformula
recorded a total of 156 days of symptoms, whereasf4.6 subjects fed the experimental formula rded a total
of 78 days of symptoms (P=.08). For the intentréat subjects, 16 of 29 subjects fed the contmwhida recorded a
total 172 days of symptoms, whereas nine of 30estibjfed the experimental formula recorded 115 days
symptoms (P=.07).

The number of new infection episodes in study ceteps included 17 fed the control formula and 1BtFe
experimental formula (P=.24). Eight subjects actedror 17 new infections in the control group, &odr subjects
accounted for 13 new infection episodes in the expantal group. Nine of the new infections in theperimental
group were from a single subject who was diagnasgihg the study with swallowing problems resulting
frequent aspiration.

Antibody titers to each of the three componentthefinfluenza vaccine were measured at baselirsty@ccination,
and final blood draws. The percentage of subjedts pvotective influenza antibody titers40 HI units) at any time
for any of the three vaccine components was néreiit between the control and experimental grdopstudy
completers or intent-to-treat subjects. Howeveglb66 participants, fewer subjects (P=.010) hadadective titer
at baseline to the A/Beijing component of the vaeqin=31) than to A/Sydney (n=45) or B/Yamanaskbtg)
(Figure 2).



Figure 2. Geometric mean antibody titer with 95%fimence limits shown as error bars to the threammnents of
the influenza vaccine at baseline (Day 0), 42 gegtvaccination (Day 57), and final (Day 183) blatvews for
study completers in the control (white bars) angeexnental groups (black bars), *P=.052 for expental versus
control for corresponding day.

For subjects completing the study, there was altteward greater geometric mean antibody titehén t
experimental group than in the control group foBéijing at the postvaccination time point (Day &Y ytudy
completers (P=.052) (Figure 2). For intent-to-traatjects, there were no significant differencegaametric mean
titers between the control and experimental grdapany of the three vaccine components (data imoiva).

The percentage of subjects who responded to Af8e§is indicated as a fourfold increase in antibiddy at the
postvaccination time point was higher for the ekpental than the control groups for study compketas of 15 or
87% vs 7 of 17 or 41%; P=.012) and intent-to-teedtjects (17 of 23 or 74% vs 7 of 21 or 33%; P=)0il4d
differences were observed between the experimanthtontrol groups in percentage of subjects whpaeded to
A/Sydney and B/Yamanashi postvaccination or to@rye vaccine components at the final blood dramsfudy
completers or intent-to-treat subjects (data nowst).

Thirteen of 15 (87%) subjects in the experimentalig of the study completers had an influenza adittiter of

40 or greater and a fourfold increase in antibdgdy &t the postvaccination blood draw for A/BejiBy contrast,
six of 17 (35%) subjects in the control group shdwenilar changes (P=.004). Similarly, 17 of 23%/)4subjects in
the experimental group and six of 21 (29%) subjectee control group in the intent-to-treat ana@ysad an
influenza antibody titer of 40 or greater and afold increase in antibody titer at the postvactiorablood draw
for A/Beijing (P=.005). No differences in these daned antibody measurements were observed between t
experimental and control groups for the other t@ocine components in study completers or interitdat subjects
(data not shown).

Lymphocyte proliferative responses to vaccine comepbs were measured at baseline, postvaccinatidrjrzal
blood draws. Proliferation was significantly gredtethe experimental group than the control gratiphe
postvaccination blood draw (P=.013) (Figure 3)mitat baseline or final blood draws for study ctetgrs and
intent-to-treat subjects (data not shown).

Figure 3. Lymphocyte proliferation to vaccine compots at the postvaccination blood draw. The median
proliferative response (denoted by the line on ahattplot) was significantly greater in the expegirtal group than
control group (study completers (*P=.013) repredéntontrols and 15 experimental subjects; interitéat
(tP=.022) represents 20 control and 23 experimsntgkcts). Proliferation is expressed as net cop@t minute
(cpms) after lymphocytes were stimulated with thme lot of vaccine and pulsed with tritiated thyimé Cpms
were measured using a scintillation counter datgdtie incorporated tritiated thymidine in lymphtes;

Clinical chemistry and hematology measurements wetermined at baseline and final blood draws. Msiaical
chemistry and hematology measurements for all graunol at all time points were within normal rangeith the
exception of total cholesterol. Study completers adotal cholesterol of 5.6+0.3 mmol/L (218+12 dig/and 4.8+
0.2 mmol/L (18618 mg/dL) at baseline in the contintl experimental groups, respectively (P=.040h @i5+0.3
mmol/L (213+13 mg/dL) and 4.9+0.1 mmol/L (1886 mib) at the final blood draw in the control and
experimental groups, respectively (P=.09). Totalesterol was not different between groups at ettinge point
for intent-to-treat subjects.

Gastrointestinal symptoms were evaluated as a mea$woral tolerance. There were no differences in
gastrointestinal intolerance between subjects drinthe control and experimental formulas.



Discussion

The purpose of this study was to determine whethpplementing the diet of relatively healthy indegpent- and
assisted-living seniors with a formula containingrients known to enhance immune function couldiceddays of
symptoms of URTI during cold and influenza seasbwas found that subjects consuming the experiaient
nutritional formula had significantly fewer dayssfmptoms of URTI, better antibody response taigrilza
A/Beijing (H1N1), and greater lymphocyte prolifdw&t response to influenza vaccine components
postimmunization than control subjects.

Seniors are a heterogeneous population with respexcttrient needs; therefore, subjects were fgdtbefore
randomization based on age, sex, and NHQ scor¢djB#tional status was not different between grebased on
baseline BMI and serum albumin ( Table 2 ). Meanl Bkt serum albumin indicated that subjects werenabto
slightly overweight with adequate protein statdsable 2 ). Although median nutrition scores for idQ showed
good nutritional status for subjects in the contnadl experimental groups, there were subjects whied at high
nutritional risk within each group.

It is not uncommon for apparently healthy elderypplations with normal body weight and protein itute to have
micronutrient deficiencies that impair immune fuant[6,8,39] In a population of healthy independivihg
subjects aged 90 and older, one study showedhéairevalence of micronutrient deficiency was hgjtier
selenium, vitamin B6, and zinc, followed by vitandinand to a lesser extent, folate, vitamin E, witamin
B12.[39] Another study found that, in apparenthaliey, independently living subjects aged 59 toA8¢
deficiency was common, whereas deficienc-carotene, ascorbate, amdocopherol was less common.[6]

Nutrient supplementation in excess of the dietafgnence intakes modulates immune function in seniwhen the
diet of healthy seniors who had normal serum vitaEiconcentrations was supplemented for 4 monttisfaur
times greater (60 mg/d), 13 times greater (200 gftd 53 times greater (800 mg/day) vitamin E letlean the
current recommended dietary allowance (RDA),[40lisevitamin E concentrations were greater than pigttebo,
and delayed-type hypersensitivity and antibodygite hepatitis B were enhanced.[7] Optimal enhares# of
immune parameters was observed with 200 mg/d witd]i7]

In the current study, to meet the diverse nutnesgds of an elderly population, an experimentaitinnal formula
containing 360 kcal/237 mL and 13 g of protein plitamins, minerals, antioxidants, fructo-oligosaaddes, and
structured triacylglycerol was formulated. Vitamansd minerals (zinc, seleniumtocopherol, vitamin C, and B
vitamins) with known immune-enhancing propertiesamiors were added at concentrations exceedingjetery
reference intakes.[2,7,8,19,27,41] The experimdotahula may have been of benefit to subjects fierknt
reasons; for example, one subject might have htedeffiom the zinc, whereas another might have fiedefrom
the elevated concentrations of vitamin E, selenioinother nutrients included in the formula. Anatbenefit of the
experimental formula could have come from the stmaal triacylglycerol, which may have increasedahsorption
of fat-soluble nutrients important for immune fuoat[30] The design of the study does not allowtfar
identification of individual components but demaagts an immune benefit of the combination of vitean
minerals, structured triacylglycerol, and protein.

Seruma-tocopherol concentrations were measured at basglostvaccination, and final blood draws as an
indication of compliance. Many of the subjects oited for the study reported frequently taking mita E-
containing multivitamin and mineral supplementsdpoefthe study. On study Day 0, subjects were atked
discontinue any supplements and were given they stupplement along with a low-potency multivitanmivieral
supplement to consume daily ( Table 1 ). The ldck washout period before baseline may explaireteeatec-
tocopherol concentrations. Average basediiecopherol concentrations ranged from 33 to 46 lfln{&.4-2.0
mg/dL) and were greater than the baseline cond@nrisaof 25 to 27 pmol/L reported by others.[7]dRis serumu-



tocopherol concentrations and self-reported fornmitzke by subjects in the experimental group ssggeod
compliance for study completers.

A possible limitation of this study is that nutriateficiencies may have occurred in the controlgrbecause
subjects were asked to discontinue dietary supplesrand consumed the control formula in placeeshd in their
diet. However, this is not likely, because all at$ were given a low-potency multivitamin/mineedilet daily that
provided more than one-third of the RDA or adequatizke for vitamins A, D, C, B6, and B12, thiamine
riboflavin, pantothenic acid, and copper.

Another potential limitation of this study is thigh dropout rate. Previous studies in seniorsddatinistered a
single-nutrient or multivitamin/mineral supplememd examined immune function reported a dropoetirathe
range of 11% to 30% for 4 months to 2 years.[6-8liké¢ these previous studies that provided theiewts in pill
form, the experimental and control formulas in phesent study were provided in the form of an 8eeuiguid
drink containing energy and protein in additiorthe added micronutrients. Fourteen of the 32 stbjsere
withdrawn or dropped from the study for formulaateld issues such as gastrointestinal problems (sagpected
protein-drug interactions (n=3), and weight gain4n These additional formula-related concernshatea problem
with a micronutrient pill.

Four subjects in the experimental group droppedeatuse of unwanted weight gain. In a frail eldpdpulation
in which unintentional weight loss and undernutritare a common problem, a nutritional supplentesit t
produced weight gain would be a benefit, but theag be concern that increased body weight may sgppr
immune function.[42] To this end, antibody respofisBuenza antibody titer40 and>fourfold increase in
influenza antibody titer) in the intent-to-treabgaects with a BMI of less than 25 was compared betwgroups. In
the subjects with BMI of less than 25, 12 of 13%9ZXubjects consuming the experimental formulaoedpd to
influenza vaccination, but only four of 14 (29%)tbbse consuming the control formula responded0@4),
indicating a benefit beyond providing energy anttaprotein, which is a common practice in nurdiomes. In the
intent-to-treat subjects with a BMI of 25 or greafeve of 10 subjects (50%) in the experimentalugy and two of
seven (29%) in the control group responded to #eeine, indicating that even elderly people with IBMf 25 or
greater (low risk of malnutrition) received immuagical benefit from the experimental formulation.

Higher postvaccination antibody titers for the AijBg component of the vaccine were only observedubjects
consuming the experimental formula. Subjects is $ihiidy appeared to have protective antibody titersSydney
and B/Yamanashi at baseline, making it difficultetermine formula-related differences with thesegonents
(Figure 2). Published evidence has shown that highseline antibody titers correlate with smaliereases in anti-
influenza type-specific responses after vaccingd@h Therefore, it is likely that a low baselingBRijing antibody
concentration facilitated its use as an immunolaigicarker of immune function and an opportunitgtaluate the
immunological benefit of an experimental nutritibf@mula. Similarly, investigators in one studylfa complete
nutritional supplement or a noncaloric placebokitmseniors for 6 months and then vaccinated tigests against
influenza.[44] Seniors consuming the supplementegpced a larger mean increase in antibodies stgain
A/Sydney than the control group, whereas therenwedgifference for the other two components. Clihm#comes
were not measured in another study.[44] The cusemty used the response to vaccination as a mafkemune
function, using the conventional measurement (afébdiincrease in antibody or a postvaccine tite4® or greater)
and found a difference in antibody response foraomaponent. A clinically meaningful difference beem the
experimental and control groups (reduction in thmber of days of symptoms of URTI) was also found.



Several published reports have described the effeuttrient intake on immune parameters, but fawlies have
related nutrient intake to changes in immune fumctind clinical outcomes in seniors. Noteworthyifirgs of this
study included the enhancement of humoral andnoetliated immune markers (greater antibody respionte
A/Beijing component of the influenza vaccine, irased proliferative response to the entire influeraine),
together with a clinically relevant reduction inabdays of URTI symptoms in study completers comsg the
experimental formula. These data suggest a strenitf of the immune system of seniors fed the expeartal
formula. Because antibody titers and lymphocytdifg@ration to influenza vaccine components werenbigin
subjects consuming the experimental formula, jtassible that the fewer days of URTI symptoms veere to
influenza infections, but no attempt was made émiifly symptom-causing agents, and influenza iy onk of
several pathogens capable of producing acute URMpoms noted in this study.[45]

In conclusion, this is one of the first studiesleanonstrate a clinically meaningful benefit of anpdete nutritional
formula on the immune system of independent- asibsl-living seniors. In an elderly populationwihich only
30% to 70% of those vaccinated are likely to beaguied from hospitalization due to influenza, ityntee possible
to modulate immune function and ultimately redud@TUsymptoms with nutritional supplementation.
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ESSENCE OF ARTICLE

"If co-administered with minerals and vitamin Dtarnin K1 may substantially contribute to reducing
postmenopausal bone loss at the site of the femerck."

ARTICLE

Abstract Although several observational studiesstdemonstrated an association between vitamimtisand
bone mineral density (BMD) in postmenopausal wormenplacebo-controlled intervention trials of tHieet of
vitamin K1 supplementation on bone loss have beparted thus far. In the trial presented here we ha
investigated the potential complementary effectitaimin K1 (1 mg/day) and a mineral + vitamin D plgment (8
pg/day) on postmenopausal bone loss. The desigaraftudy was a randomized, double-blind, placatitrolled
intervention study; 181 healthy postmenopausal wobretween 50 and 60 years old were recruited, 18Hom
completed the study. During the 3-year treatmeribdeparticipants received a daily supplement aminhg either
placebo, or calcium, magnesium, zinc, and vitamifMD group), or the same formulation with additibraiamin
K1 (MDK group). The main outcome was the changBMD of the femoral neck and lumbar spine after argeas
measured by DXA. The group receiving the suppleraentaining additional vitamin K1 showed reduceddss
of the femoral neck: after 3 years the differenetveen the MDK and the placebo group was 1.7% (€5%.35—
3.44) and that between the MDK and MD group wa%4l(85% Cl: 0.10-3.41). No significant differencesres
observed among the three groups with respect togehaf BMD at the site of the lumbar spine. .

Keywords Vitamin K - Bone loss - Osteoporosis nifials - Vitamin D
C. Vermeer

Email: c.vermeer@bioch.unimaas.nl
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Creatine Monohydrate and Conjugated Linoleic Acid mprove Strength and Body Composition Following
Resistance Exercise in Older Adults

Mark Tarnopolskyl*, Andrew Zimmerl, Jeremy Paikidteel Safdarl, Alissa Aboudl, Erin Pearcel, BRay?2,
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ESSENCE OF ARTICLE

"Together, this data confirms that supervised taste exercise training is safe and effectiveroragasing strength
in older adults and that a combination of CrM andA@an enhance some of the beneficial effectsaihing over a
six-month period. Trial Registration. ClinicalTrsajov NCT00473902"

ARTICLE

Aging is associated with lower muscle mass andarease in body fat. We examined whether creatine
monohydrate (CrM) and conjugated linoleic acid (GlcAuld enhance strength gains and improve body
composition (i.e., increase fat-free mass (FFMyrease body fat) following resistance exerciseningiin older
adults (>65 y). Men (N=[119) and women (N=[120) completed six months of resistance exerciseitigawith
CrM (5g/d)+CLA (6g/d) or placebo with randomizeaudble blind, allocation. Outcomes included: strérayd
muscular endurance, functional tasks, body comipas{DEXA scan), blood tests (lipids, liver funatioCK,
glucose, systemic inflammation markers (IL-6, Cetiee protein)), urinary markers of compliance
(creatine/creatinine), oxidative stress (8-OH-28@s0P) and bone resorptioN-felopeptides). Exercise training
improved all measurements of functional capacigQ(B5) and strength (P<0.001), with greater impnoget for
the CrM+CLA group in most measurements of muscefaturance, isokinetic knee extension strength, Firid,
lower fat mass (P<0.05). Plasma creatinine (P<Ql&)not creatinine clearance, increased for CriAGnith no
changes in serum CK activity or liver function seskogether, this data confirms that superviseidtaasce exercise
training is safe and effective for increasing sgtbrin older adults and that a combination of Cmid &£LA can
enhance some of the beneficial effects of traimner a six-month period. Trial Registration. Clalitrials.gov
NCT00473902
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Abstract Top

Aging is associated with lower muscle mass andarease in body fat. We examined whether creatine
monohydrate (CrM) and conjugated linoleic acid (GlcAuld enhance strength gains and improve body
composition (i.e., increase fat-free mass (FFMyrease body fat) following resistance exerciseingiin older



adults (>65 y). Men (N = 19) and women (N = 20) pteted six months of resistance exercise trainiitg @rM
(59/d)+CLA (6g/d) or placebo with randomized, daublind, allocation. Outcomes included: strengtt atuscular
endurance, functional tasks, body composition (DES€AnN), blood tests (lipids, liver function, CKugbse,
systemic inflammation markers (IL-6, C-reactivetpin)), urinary markers of compliance (creatinedtir@ne),
oxidative stress (8-OH-2dG, 8-isoP) and bone rasnrN-telopeptides). Exercise training improved all
measurements of functional capacity (P<0.05) arahgth (P<0.001), with greater improvement for @r#+CLA
group in most measurements of muscular endurasmiinietic knee extension strength, FFM, and lowenfass
(P<0.05). Plasma creatinine (P<0.05), but not area clearance, increased for CrM+CLA, with nomhes in
serum CK activity or liver function tests. Togethnis data confirms that supervised resistanceceseetraining is
safe and effective for increasing strength in oldults and that a combination of CrM and CLA cahance some
of the beneficial effects of training over a six4mtio period. Trial Registration. ClinicalTrials.gbMCT00473902
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