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ESSENCE OF ARTICLE

‘This study shows that BJ decreases hyperglycemiliaibetic mice, at least in part by reversing adgztin levels.
BJ also protects young pre-diabetic mice from degwely obesity and diabetes. Thus, BJ may represeatel
complementary therapy and a source of novel thetapagents against diabetes mellitus”

ARTICLE
Abstract
Aim:

Biotransformation of blueberry juice by the Sdaataccinii bacterium gave rise to adenosine monsphate-
activated protein kinase (AMPK) phosphorylation ghatose uptake in muscle cells and adipocytesiniltited
adipogenesis. This study investigated the antitypasid antidiabetic potential of biotransformedetdarry juice
(BJ) in KKAy mice, rodent model of leptin resistanc

Methods:

BJ was incorporated in drinking water of KKAy midParameters of body weight, food intake, plasimeoge,
insulin, leptin, and adiponectin were measuredoBeénd after therapy, animals were subjected tralrglucose
tolerance test. At the end of treatment, liver, ceiskidney, epididymal fat pad, abdominal fat pald dorsal fat
pad were collected and weighed.

Results:

Incorporating BJ in drinking water protected ygu¢KAy mice from hyperphagia and significantly reed their
weight gain. Moreover, BJ protected young KKAy magminst the development of glucose intolerancediatubtes
mellitus. Chronic BJ administration in obese arabditic KKAy mice reduced food intake and body weigtnis
effect could not fully explain the associated aatigtic effect because BJ-treated mice still sholwaer blood
glucose level when compared with pair-fed controlee adipokines pathway also seems to be involeeduise BJ
significantly increased adiponectin levels in obesee.

Conclusions:

This study shows that BJ decreases hyperglycendebetic mice, at least in part by reversingoadectin levels.
BJ also protects young pre-diabetic mice from dewely obesity and diabetes. Thus, BJ may represeatel
complementary therapy and a source of novel thetapagents against diabetes mellitus.
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ESSENCE OF ARTICLE

“A study was done to determine the presence oferasrol, pterostilbene and piceatannol in Vaccinherries.
...." These naturally occurring compounds known testieng antioxidants and to have cancer chemoptieeen
activity will add to purported health benefits dexd from consumption of these small fruits.”

ARTICLE

Interpretive Summary: A study was done to deterrtiieepresence of resveratrol, pterostilbene anegpéninol in
Vaccinium berries. Samples representing selecaoscultivars of ten species from Mississippi, Kdtarolina,

Oregon, and Canada were analyzed by gas chromagtogmass spectrometry. Resveratrol was foundrying
amounts between 7 and 5800 ng/g dry sample inrbjlberanberry, deerberry, Elliott's blueberry, itigish
blueberry, lingonberry, lowbush blueberry, rabbitéjueberry, sparkleberry, and Partridgeberry. dimgerry was
found to have the highest content comparable tofthend in grapes, 6500 ng/g dry sample. Pterasidbwas found
in rabbiteye blueberry and deerberry at levels 294g/g dry sample. Piceatannol was found in desrtaed
highbush blueberry at levels 138 ' 422 ng/g dryganiThese naturally occurring compounds knownetgtoong
antioxidants and to have cancer chemopreventiveityoill add to purported health benefits deriviedm
consumption of these small fruits.



Technical Abstract: A study was conducted to deieerthe presence of resveratrol, pterostilbenepgeehtannol in
Vaccinium berries. Samples representing selectmwscultivars of ten species from Mississippi, dZarolina,
Oregon, and Canada were analyzed by gas chromptognaass spectrometry. Resveratrol was found in V.
angustifolium (lowbush blueberry), V. arboretumadgeberry), V. ashei (rabbiteye blueberry), V.ysobosum
(highbush blueberry), V. elliottii (Elliott's bluebry), V. macrocarpon (cranberry), V. myrtillus|farry), V.
stamineum (deerberry), V. vitis-ideae var. vitisag (lingonberry), and V. vitis-ideae var. minoarifidgeberry) at
levels between 7 and 5800 ng/g dry sample. Lingogheas found to have the highest content, 580 doy
sample, comparable to that found in grapes, 650§ sy sample. Pterostilbene was found in two eats of V.
ashei and in V. stamineum at levels 99-520 ng/gsdryple. Piceatannol was found in V. corymbosum\and
stamineum at levels 138 ' 422 ng/g dry sample. & hasurally occurring stilbenes, known to be strangoxidants
and to have cancer chemopreventive activity, vadt $o purported health benefits derived from corsion of
these small fruits.
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ESSENCE OF ARTICLE

“ We tested whether the delivery and efficacy afigéabine in the mice could be improved by coadstiation of
IP1-926, a drug that depletes tumor-associatedrgtttissue by inhibiting the Hedgehog cellular sigmg pathway.
The combination therapy produced a transient irsgréaintratumoral vascular density and intraturhora
concentration of gemcitabine, leading to transgabilization of disease. Thus, inefficient drudjvry may be an
important contributor to chemoresistance in partareancer.”

ARTICLE

Pancreatic ductal adenocarcinoma (PDA) is amongnibst lethal human cancers, in part becauserisinisitive to
many chemotherapeutic drugs. Studying a mouse noddIDA that is refractory to the clinically usecdid
gemcitabine, we found that the tumors in this madile poorly perfused and poorly vascularized, prigs that
are shared with human PDA. We tested whether theedg and efficacy of gemcitabine in the mice abble
improved by coadministration of IPI-926, a drugtttiepletes tumor-associated stromal tissue by iiigothe
Hedgehog cellular signaling pathway. The combimatiterapy produced a transient increase in intratam
vascular density and intratumoral concentratiogerhcitabine, leading to transient stabilizatiomisease. Thus,
inefficient drug delivery may be an important cdmtitor to chemoresistance in pancreatic cancer.

The editors suggest the following Related ResounceScience sites:

In Science Magazine



PERSPECTIVES

Cancer

Breaching the Cancer Fortress

Peter Olson and Douglas Hanahan (12 June 2009)
Science 324 (5933), 1400. [DOI: 10.1126/sciences940]
| Summary » | Full Text» | PDF »

In Science Signaling

EDITORS' CHOICE

Cancer

It's All in the Delivery

Paula A. Kiberstis (16 June 2009)

Sci. Signal. 2 (75), ec202. [DOI: 10.1126/scisighabec202]

| Abstract »

THIS ARTICLE HAS BEEN CITED BY OTHER ARTICLES:
Following the Hedgehog to New Cancer Therapies.

A. A. Dlugosz and M. Talpaz (2009)

N. Engl. J. Med.

| Full Text» | PDF »

Breaching the Cancer Fortress.

P. Olson and D. Hanahan (2009)

Science 324, 1400-1401

| Abstract» | Full Text» | PDF »

http://info.cancerresearchuk.org/news/archive/pedsases/2009/may/Scientists-shed-new-light
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Cancer Research UK Press Release



CANCER RESEARCH UK scientists led an internaticieam of investigators who have discovered a new
mechanism that may explain why pancreatic candierga are often resistant to a common chemotherapyment
called gemcitabine*, according to a study publisimeficience** today (Thursday).

It is hoped this study will help scientists over@acommon resistance to gemcitabine and makeefutur
chemotherapy drugs more effective.

Pancreatic cancer is diagnosed in 230,000 peopbssithe world***, with 7,600 new cases in the Ukda37,000
new cases in the United States each year. Onlg fgecent of patients survive for five years oreno

The scientists at Cancer Research UK's Cambridged®eh Institute - who were co-funded by The Luséga
Foundation and the National Institutes of Healthuyght to understand why promising drugs generailyiri
pancreatic cancer clinical trials. They found thatenetically modified mouse model of pancreatitcea that
closely resembles human cancer was also largebtaasto gemcitabine treatment.

The scientists found in these mouse studies thadrpatic cancer is resistant to chemotherapy bedhestumours
tend to have poor networks of blood vessels caléetulature, which makes it harder for drugs tehehe tumour.

Working with groups at Addenbrooke's Hospital, dobns Hopkins Hospital, the MD Anderson Cancer eent
University of Pittsburghand the Fred Hutchison GariResearch Centre, the group also noted that hparareatic
cancer samples also contained a deficient bloodlgupuggesting that their observation should als@pplicable
to patients.

Senior author Dr David Tuveson, group leader indummodeling and experimental medicine at CanceeR&h
UK’s Cambridge Research Institute, said: "We'reeely excited by these results as they may hgdaaxthe
disappointing response that many pancreatic cgrategnts receive from chemotherapy drugs."

The study also found that the genetically modifieide displayed the same resistance to gemcitalsiseen in
human pancreatic cancer, whereas the transplamtabaise models traditionally used to develop chbearapy
treatments were sensitive to gemcitabine. This mézat the new genetically modified models coulavprsuperior
in developing new treatments in the future.

When the scientists used a new compound calle@2B***, which was created by Infinity Pharmaceuis, in
combination with gemcitabine in the genetically rfied animals, they noticed increased cell death amneduction
of the pancreatic tumour size. They believe thatgithis combination may also re-open the dooetgesal new
treatments which have, so far, proven disappoiritingatient trials for pancreatic cancer becauggoof drug
delivery.

"But these are early days and we need to shovafipsoach is safe to use in humans before we casidsradding
the new compound to cancer treatments," said De3amw.

These findings may also help to explain why part@re&ancer does not respond to anti-angiogenicsisugh as
VEGEF inhibitors when many other cancers do. Theseaaew class of drugs which starve the tumouebiyicting
its blood supply. As pancreatic cancers don't seeneed as good a supply of blood to the tumowtlaesr cancers,
the scientists believe that they may need to inicecadditional drugs to help stop tumour growth.

Kerri Kaplan, executive director of The Lustgartesundation, the largest private funder of panccezdincer
research in the United States, said: "Because eaticicancer is so difficult to treat with standahgmotherapy,
these study results demonstrate progress towaadegrenderstanding of how to treat this swift, rdilend deadly
disease. The Foundation remains committed to stipgaesearch that improves our understanding n€pematic
cancer, in the hope that one day, early diagntstis and new, improved treatments can be found."



Dr Lesley Walker, Cancer Research UK's directarasfcer information said: "This is a very substdfitaling. If
these results hold in future studies, we hopedtiahntists will be able to make better use of mtrtieeatments and
develop a range of new options which will help deogith pancreatic cancer live longer.

"Cancer Research UK's five year strategy highligiisimportance of targeting areas of unmet medtieatl, such
as pancreatic cancer, so we can have the greaeati on reducing cancer deaths in the future. IRdlgte these
give us real confidence that we will combine thisufs with our other research efforts and meet oatsgof
improving survival from all forms of the disease."

ENDS

For media enquiries, please contact the CanceraRes&JK press office on 020 7061 8311 or, out afrepthe
duty press officer on 07050 264 059.

Notes to editors:
Listen to an interview with Dr Tuveson, the serdaathor on the study

*This study used gemcitabine (Gemzar) which is ohe group of chemotherapy drugs called anti-méditsso
Anti-metabolites are similar to normal body molexubut they are slightly different in structuree$é differences
mean that anti-metabolites stop cells making DNan¢r cells need DNA to multiply. You can find oubre
about this drug and other treatments for pancreaticer on Cancer Research UK'’s patient informatiebsite
CancerHelp UK

**Inhibition of Hedgehog Signalling Enhances Deliyef Chemotherapy in a Mouse Model of Pancreatind@r.
Science. May 2009. Kenneth P. Olive et al.

***Estimates show 230,000 people across the workdendiagnosed with pancreatic cancer in 2002.

****P1-926 is novel, selective, potent, small malg@e Hh pathway inhibitor that directly blocks thetivity of
Smoothened (Smo). It is currently being investidatea Phase 1 clinical trial by Infinity Pharmatieals. Because
Smo plays a critical role in the malignant actigatdf the Hh pathway, Smo may be a target for thaagement of
a broad range of cancers.

About pancreatic cancer

Around 20 people every day are diagnosed with paticr cancer in the UK and it is the fifth most ¢oan cause
of cancer death. For more UK pancreatic statigfocto Cancer Research UK’s here

Pancreatic cancer is the fourth leading causemdaradeath in the US according to the American €aSociety in
2008 an estimated 37,000 people were diagnosedpaitbreatic cancer and about 34,000 died of theades

About the Hedgehog Signaling Pathway

Malignant activation of the Hedgehog signallinghpeay is implicated in multiple cancer settingscértain
cancers, the Hedgehog ligand derived from the turaitbier signals to the surrounding stroma, sudh @sincreatic
cancer, or to a subpopulation of Hedgehog-deperahamo-resistant progenitor cells, as may be fonrsdnall cell
lung cancer (SCLC), chronic myelogenous leukemid, raultiple myeloma.



These cancers, therefore, may be classified asdtedgigand-dependent. In certain other canceesetis a
genetic mutation resulting in activation of thetpedy. These cancers thereby function independentiye
Hedgehog ligand and include medulloblastoma andllzadl carcinoma.

http://www.jewishhospitalcincinnati.com/cholestéRésearch/Low_serum_levels.html

Low serum 25 (OH) vitamin D levels (,32 ng/mL) ar@ssociated with reversible myositis-myalgia in stat-
treated patients

WAQAS AHMED, NASEER KHAN, CHARLES J. GLUECK, SUMANRRANDEY, PING WANG, NAILA
GOLDENBERG, MUHAMMAD UPPAL, and SURAJ KHANAL

CINCINNATI, OHIO

(Translational Research 2009;153:11-16)
Overall Summary:

ESSENCE OF ARTICLE

“Many patients cannot tolerate statin medicatioasawse they develop muscle cramps, pain, and weskaed
sometimes the muscles are tender to touch. Wefhawe that most of these patients are deficieseium Vitamin
D. It appears that Vitamin D deficiency can prodogkl muscle injury, and when this is superimposadnild
muscle injury associated with statin medicatiohsntthere is a synergistic effect, and the musulesenough
(myositis) so that the patients stop life-protegtitatin medications. In patients who had statiolénance because
of myositis, and who had concurrent low serum VitaB), we reversed the vitamin D deficiency with@@0) units
of Vitamin D once per week or 2000 units per dang when we restarted the statins, the great mgjofipatients
tolerated them well, without myositis.”

ARTICLE

Many patients cannot tolerate statin medicatiortaibse they develop muscle cramps, pain, and weskmed
sometimes the muscles are tender to touch. Wefhawe that most of these patients are deficieseium Vitamin
D. It appears that Vitamin D deficiency can produgkl muscle injury, and when this is superimposadnild
muscle injury associated with statin medicatiohentthere is a synergistic effect, and the mudulesenough
(myositis) so that the patients stop life-protegtitatin medications. In patients who had statiolénance because
of myositis, and who had concurrent low serum VitaB), we reversed the vitamin D deficiency with@@0) units
of Vitamin D once per week or 2000 units per dang when we restarted the statins, the great mgjofipatients
tolerated them well, without myositis.

Scientific Summary

Our specific aims were to determine whether lowase25 (OH) vitamin D (D2 1 D3) (,32 ng/mL) was asisted
with myalgia in statin-treated patients and whethermyalgia could be reversed by vitamin D supgletation
while continuing statins.

After excluding subjects who took corticosteroidsopplemental vitamin D, serum 25 (OH) D was measin

621 statin-treated patients, which consisted of d@@&&nts with myalgia at entry and 493 asymptocnaditients.
The 128 myalgic patients had lower mean 6 standevéhtion (SD) serum vitamin D than the 493 asymattic

patients (28.6 6 13.2 vs 34.2 6 13.8 ng/mL, P Q@1), but they did not differ (p . 0.05) by agedpanass index
(BMI), type 2 diabetes, or creatine kinase levels.



By analysis of variance, which was adjusted foeraex, and age, the least square mean (6 stagdardSE])
serum vitamin D was lower in the 128 patients wityalgia than in the 493 asymptomatic patients (B8L72 vs
34.3 6 0.6 ng/mL, P, 0.0001). Serum 25 (OH) D leasin 82 of 128 (64%) patients with myalgia ver&is! of
493 (43%) asymptomatic patients (c2 5 17.4, PQ@LY. Of the 82 vitamin-

D—deficient, myalgic patients, while continuingtsia, 38 were given vitamin D (50,000 units/week I@ weeks),
with a resultant increase in serum vitamin D frobnd26 7.3 to 48.2 6 17.9 ng/mL (P, 0.0001) andltg®n of
myalgia in 35 (92%).

We speculate that symptomatic myalgia in statinterd patients with concurrent vitamin D deficiemegty reflect a
reversible interaction between vitamin D deficielaeyl statins on skeletal muscle.

http://wwwa3.interscience.wiley.com/journal/122380%ibstract
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Copyright © 2005 Wiley-Liss, Inc., A Wiley Company

Cancer Cell Biology

E2F4 and ribonucleotide reductase mediate S-phasst én colon cancer cells treated with chlorophyl
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“Chlorophyllin (CHL) is a water-soluble derivatiwé chlorophyll that exhibits cancer chemoprevenfiveperties,
but which also has been studied for its possibfeeatherapeutic effects.”

ARTICLE
ABSTRACT

Chlorophyllin (CHL) is a water-soluble derivativé @hlorophyll that exhibits cancer chemopreventiveperties,
but which also has been studied for its possibfeeatherapeutic effects. We report here that huooéon cancer
cells treated with CHL accumulate in S-phase ofcédécycle, and this is associated with reducqutession levels
of p53, p21, and other G1/S checkpoint controlshatsame time, E2F1 and E2F4 transcription fadiecome
elevated and exhibit increased DNA binding activityCHL-treated colon cancer cells, bromodeoxyngdulse-
chase experiments provided evidence for the iribibibf DNA synthesis. Ribonucleotide reductase (RR)ivotal
enzyme for DNA synthesis and repair, was reducédeanRNA and protein level after CHL treatment] #ime
enzymatic activity was inhibited in a concentratalependent manner both in vitro and in vivo. Imniipting
revealed that expression levels of RR subunitsR21,and p53R2 were reduced by CHL treatment in HIBT 1
(p53+/+) and HCT116 (p53-/-) cells, supporting 84@dependent mechanism. Prior studies have shiain t
reduced levels of RR small subunits can increasadinsitivity of colon cancer cells to clinicallyad DNA-
damaging agents and RR inhibitors. We concludelthathibiting R1, R2, and p53R2, CHL has the pt&to be
effective in the clinical setting, when used alonén combination with currently available candeeriapeutic
agents. © 2009 UICC

Received: 23 March 2009; Accepted: 30 April 2009

DIGITAL OBJECT IDENTIFIER (DOI)

10.1002/ijc.24559 About DOI or MEDLINE]

Diabetologia. 2007 Sep;50(9):1795-807. Epub 2001721 Links

A Palaeolithic diet improves glucose tolerance morthan a Mediterranean-like diet in individuals with
ischaemic heart disease.

Lindeberg S, Jénsson T, Granfeldt Y, Borgstran8d&fman J, Sjostrom K, Ahrén B.
Department of Medicine, Hs 32, University of Lui8E-221 85, Lund, Sweden. staffan.lindeberg@meé.lu.s
ESSENCE OF ARTICLE

CONCLUSIONS/INTERPRETATION: “A Palaeolithic diet mamprove glucose tolerance independently of
decreased waist circumference.”

ARTICLE

AIMS/HYPOTHESIS: Most studies of diet in glucosé¢alerance and type 2 diabetes have focused onestakfat,
carbohydrate, fibre, fruits and vegetables. Insteadaimed to compare diets that were availablexguruman
evolution with more recently introduced ones. METBI® Twenty-nine patients with ischaemic heart disgalus
either glucose intolerance or type 2 diabetes wamdomised to receive (1) a Palaeolithic ('Old Stage') diet (n
= 14), based on lean meat, fish, fruits, vegetalptest vegetables, eggs and nuts; or (2) a Consensu
(Mediterranean-like) diet (n = 15), based on wigrgns, low-fat dairy products, vegetables, fruitsh, oils and
margarines. Primary outcome variables were chaimgeeight, waist circumference and plasma glucosCA



(AUC Glucose(0-120)) and plasma insulin AUC (AUGUIiN(0-120)) in OGTTs. RESULTS: Over 12 weeksyé¢he
was a 26% decrease of AUC Glucose(0-120) (p = @)pibthe Palaeolithic group and a 7% decreaseq®8) in

the Consensus group. The larger (p = 0.001) impneve: in the Palaeolithic group was independent (p3808) of
change in waist circumference (-5.6 cm in the Rditiéc group, -2.9 cm in the Consensus group;®G3). In the
study population as a whole, there was no relatipnisetween change in AUC Glucose(0-120) and chaitge
weight (r = -0.06, p = 0.9) or waist circumfererfce 0.01, p = 1.0). There was a tendency for gdadecrease of
AUC Insulin(0-120) in the Palaeolithic group, bgtdause of the strong association between chanydh
Insulin(0-120) and change in waist circumference (x.64, p = 0.0003), this did not remain after tinakiate
analysis. CONCLUSIONS/INTERPRETATION: A Palaeoliidiet may improve glucose tolerance independently
of decreased waist circumference.

PMID: 17583796 [PubMed - indexed for MEDLINE]

http://www.staffanlindeberg.com/DiabetesStudy.html
The original human diet is good for people with didetes

Lindeberg, S, Jonsson, T, Granfeldt, Y, Borgstrahdsoffman, J, Sjostrdm, K, and Ahrén, B. A Palieic diet
improves glucose tolerance more than a Mediterratika diet in individuals with ischaemic heart elise.
Diabetologia, 2007; In press: http://www.springeclcom/content/h7628r66r0552222

ESSENCE OF ARTICLE

“If you want to prevent or treat diabetes typetZnay be more efficient to avoid some of our modends than to
count calories or carbohydrate >>.”

ARTICLE

In a clinical study, we compared 14 patients whoenagvised to consume an ‘ancient’ (Paleolithidd‘€tone
Age’) diet for three months with 15 patients whar&veecommended to follow a Mediterranean-like pniaiet
with whole-grain cereals, low-fat dairy productsif, vegetables and refined fats generally considi&ealthy. All
patients had increased blood sugar after carboteydreke (glucose intolerance), and most of thachdwvert
diabetes type 2. In addition, all had been diagtagith coronary heart disease. Patients in thediti& group
were recommended to eat lean meat, fish, fruitetadges, root vegetables and nuts, and to avoidgyrdairy foods
and salt.

The main result was that the blood sugar risespaase to carbohydrate intake was markedly lowter &2 weeks
in the Paleolithic group (—26%), while it barelyactged in the Mediterranean group (—7%). At theartie study,
all patients in the Paleolithic group had normaldadl glucose.

The improved glucose tolerance in the Paleolighaup was unrelated to changes in weight or waistimference,
although waist decreased slightly more in that grétence, the research group concludes that somgetore than
caloric intake and weight loss was responsiblaHerimproved handling of dietary carbohydrate. Trian
difference between the groups was a much lowekéntd grains and dairy products and a higher fniéke in the
Paleolithic group. Bioactive substances in gramg.(wheat lectin) and dairy products (e.g. cadsdng been
shown to interfere with the metabolism of carbolayels and fat in various studies.



If you want to prevent or treat diabetes type Bhay be more efficient to avoid some of our modends than to
count calories or carbohydrate >>.

This is the first controlled study of a Paleolitliiet in humans.

Comment in Science: http://www.sciencemag.orgkotitol317/issue5835/r-samples.dtl#317/5835/175¢

http://www.staffanlindeberg.com/OurResearch.html
ESSENCE OF ARTICLE IS WHOLE ARTICLE.

Our main objective is to study nutrition in the y@ation and treatment of cardiovascular diseaseaelated
metabolic disorders. The working hypothesis is thRaleolithic diet (the Paleolithic is the timeipd 2,000,000-
10,000 years BP), basically meat, fish, vegetalfia,and nuts, has benefits even compared witld@nt diets
based on whole-grain cereals and low-fat milk.

The basic notions are that
1) foods are appropriate for any given specielsaftwere regularly consumed during most of itsmpemolution;

2) plants protect themselves with bioactive sulzstardirectly aimed at animals, substances which maag
untoward effects on long-term human health.
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ESSENCE OF ARTICLE

“The advice for patients with type 2 diabetes ttofw a Paleolithic diet resulted in lower HbAlc, TGBP, weight
and waist circumference, and higher HDL, as conpére Diabetes diet according to current guidslite
addition, fasting glucose and SBP tended to deersmse after the Paleolithic diet. Changes in giectmlerance
were not significantly different between diets. T diets differed mainly in that the Paleolitliiet was lower in
cereals and dairy products, and higher in fruiégetables, meat and eggs. Further, the Palediithiavas lower in
total energy, energy density, carbohydrate, die®lrysaturated fatty acids and calcium, and highemsaturated
fatty acids, dietary cholesterol and several vitsnDietary Gl was lower in the Paleolithic diet €50) than in
the Diabetic diet (Gl = 55).”

ARTICLE
Abstract
Background

Our aim was to compare the effects of a Paleolit@itd Stone Age') diet and a diabetes diet asgdiye
recommended on risk factors for cardiovascularadisen patients with type 2 diabetes not treatéld wsulin.

Methods

In a randomized cross-over study, 13 patients tyjile 2 diabetes, 3 women and 10 men, were insttdoteat a
Paleolithic diet based on lean meat, fish, fruitgetables, root vegetables, eggs and nuts; anabetes diet
designed in accordance with dietary guidelinesrdutivo consecutive 3-month periods. Outcome vagmbl
included changes in weight, waist circumferenceyrsdipids, C-reactive protein, blood pressure cgted



haemoglobin (HbAlc), and areas under the curvelftsma glucose and plasma insulin in the 75 ggiuaose
tolerance test. Dietary intake was evaluated byofigeday weighed food records.

Results

Study participants had on average a diabetes darafi9 years, a mean HbAlc of 6,6% units by Morsie®dard
and were usually treated with metformin alone @ects) or metformin in combination with a sulfousda (3
subjects) or a thiazolidinedione (3 subjects). Ma@grage dose of metformin was 1031 mg per day.f2oed to
the diabetes diet, the Paleolithic diet resultelbirer mean values of HbAlc (-0.4% units, p = 0.@dacylglycerol
(-0.4 mmol/L, p = 0.003), diastolic blood press(#mmHg, p = 0.03), weight (-3 kg, p = 0.01), B kg/m2, p
= 0.04) and waist circumference (-4 cm, p = 0.@2j higher mean values of high density lipoprotéiolesterol
(+0.08 mmol/L, p = 0.03). The Paleolithic diet waainly lower in cereals and dairy products, andhéign fruits,
vegetables, meat and eggs, as compared with the@gmdiet. Further, the Paleolithic diet was loimental
energy, energy density, carbohydrate, dietary ghycdoad, saturated fatty acids and calcium, aigthdi in
unsaturated fatty acids, dietary cholesterol anérsé vitamins. Dietary Gl was slightly lower inetiPaleolithic diet
(GI = 50) than in the Diabetic diet (Gl = 55).

Conclusion

Over a 3-month study period, a Paleolithic dietrioyed glycemic control and several cardiovascuk factors
compared to a Diabetes diet in patients with tyjpéabetes.

Trial registration
ClinicalTrials.gov NCT00435240.
Background

While dietary management is a cornerstone in thegtitnent of type 2 diabetes, high quality data ereffficacy of
dietary treatment of type 2 diabetes are lackiosgpading to a recent Cochrane review [1]. Sinceitiomal science
is hampered by confounders, an evolutionary apprbas been suggested. It has been postulatedtud that
were regularly eaten during human evolution, irtipalar during the Paleolithic (the 'Old Stone A¢ge5-0.01
million years BP), may be optimal for preventiorddreatment of type 2 diabetes, CVD and insuliistaace [2,3].
A Paleolithic diet is a modern dietary regimen labse foods presumably eaten regularly during tHed#hic,
which includes lean meat, fish, shellfish, fruitsgetables, roots, eggs and nuts, but not grads; droducts, salt
or refined fats and sugar, which became staplesfbart after the appearance of fully modern humans.

To date, only a few studies have examined the sfigica Paleolithic diet on disease and risk facfor disease. In
a randomized controlled study in 29 men with iscieemeart disease (IHD) and impaired glucose tolszar type
2 diabetes (mean HbA1C 4.8% at baseline), we famptloved glucose tolerance independent of weigbs-kfter
12 weeks of Paleolithic diet compared to a Medileean-like diet [4]. In the same study, the Paleicldiet was
reportedly lower in glycemic load (GL) than the Ntedranean-like diet [4]. The clinical relevanceghfcemic
index (GI) and GL is presently being discussed $8lme studies show beneficial effects of a low GldBet on risk
factors for CVD in diabetes, while other studiesndd [6-8]. In a non-controlled study on 14 healthgividuals,
Osterdahl et al found that three weeks on a P#émlliet significantly reduced weight, BMI, waisitcumference,
systolic blood pressure (SBP) and plasminogen activinhibitor-1 (PAI-1) [9]. In another non-contied study in
nine healthy overweight individuals where interventfood was supplied and weight kept steady, Etaset al
found that ten days of a Paleolithic diet improdéastolic blood pressure (DBP), glucose toleraim®ylin
sensitivity and lipid profiles [10]. In a randomizeontrolled feeding trial in domestic swine, werrid higher
insulin sensitivity, lower C-reactive protein (CR&)d lower DBP after 15 months of a Paleolithid,diempared
with a cereal-based swine feed [11]. This study at®wed a low-grade inflammation of the pancreahe swine



who had eaten a cereal based swine feed [11]ntmeacontrolled study of ten Australian Aborigineghndiabetes
and a mean BMI of 27 kg/m2, O'Dea found that reeerto a hunter-gatherer lifestyle during 7 weeddsto 10%
weight loss and reductions in fasting and 2 houcgte and fasting insulin [12]. In a similar studyhealthy
Australian Aborigines by the same authors, thelingesponse to 70 g of starch from white bread reasiced,
while the glucose response was not, after 10—1Xsvekreversion to a traditional lifestyle [13]. &m
epidemiologic study, we found that traditional Fiadslanders of Kitava, Papua New Guinea, hadigossof IHD,
stroke or markers of the metabolic syndrome, pbgssibcause of their traditional lifestyle [14-18hus, we have
previously shown beneficial effects from Paleotitdiet on glycemic control and risk markers for Ci\filpatients
with IHD and in domestic pigs. No study, howeversiso far examined the same potential benefidatebdf
Paleolithic diet when compared to diabetes disuinjects with type 2 diabetes.

In the present study, therefore, our aim was tonéxa the effect on glycemic control and risk fastfor CVD of
food-based (as opposed to macronutrient basedrdiatlvice according to this Paleolithic diet mooledr a 3-
month period in patients with type 2 diabetes. pagents were recruited in a primary health caténgg and
effects of a Paleolithic diet was compared witleef§ of dietary advice in accordance with currendelines for
people with diabetes [17].

Methods
Patients

Approval of the study was obtained from the regidviadical Ethics Committee and the trial was regjistl at
ClinicalTrials.gov (Identifier;: NCT00435240). Thaudy was a randomized, cross-over, dietary intarearstudy
in 13 patients with type 2 diabetes without instteatment, 3 women and 10 men, recruited frometpramary
health care units in the Lund area in Sweden. Wieided adult patients with type 2 diabetes andpeftide value
above zero, unaltered medical diabetes treatmehstable weight since three months before stastuafy, HbAlc
above 5.5% by Mono-S standard, creatinine belowiB0l/L, liver enzymes below four times their respezt
upper reference value, no chronic oral or injectiteroid treatment and no acute coronary evenhange in
medication of beta blockers or thyroxin since sontins before start of study. Exclusion criteriaigigirongoing
study were change in beta blocker or thyroxin matiticr, chronic oral or injection steroid treatmeméayrfarin
treatment, creatinine above 1@Mol/L or liver enzymes above four times their rexpe upper reference value,
acute coronary event, and physical or psychologjioaiss or changes in personal circumstances wihialkld make
further study participation impossible.

Recruitment for the study during routine clinicadnk was performed by TJ, UCB, GP, AH and MS. Iniadd, a
letter containing written study information was sy TJ to subjects at two of the health statiohs 'wom journal
data seemed to match the inclusion criteria. Altuiged subjects were given oral and written stindgrmation
prior to signing a consent form to participatehie study and were then further assessed for difgibi

Procedure

All eligible subjects were informed of the intentito compare two healthy diets in the treatmenypé 2 diabetes
and that it was unknown if any of them would beesigy to the other. At study start all eligible gdis were
randomized to start with either a Diabetes dietdoordance with current guidelines [17] or a Pitleiol diet.
Randomization was performed by UCB, GP and AH bsnipg opaque, sealed envelopes (prepared by TJ)
containing a note of the initial diet with equabportions of envelopes for both diets. After randation, there
was no blinding of dietary assignment to studyipgu@nts, nor to those administering the intervamior assessing
the outcomes. Immediately after randomizationsalijects received oral and written information undiially (by
UCB, GP or AH) in the morning about their respeetinitial diet. After three months all subjects whied diets and
received new oral and written information indivilygby UCB, GP or AH) about the diet of the follavg three



months. Written information with dietary advice aondd recipes were similarly formulated for botletdi For
increased conformity, the dietary advice and datkection procedure were discussed by all authrcept YG at
several meetings prior to start of study. Advicewlregular physical activity was given equallyatbsubjects.

The information on the Diabetes diet stated thalduld aim at evenly distributed meals with inseghintake of
vegetables, root vegetables, dietary fiber, whoirgbread and other whole-grain cereal produntitsfand
berries, and decreased intake of total fat withenorsaturated fat. The majority of dietary eneirgyudd come from
carbohydrates from foods naturally rich in carbalayel and dietary fiber. The concepts of glycemieinand
varied meals through meal planning by the Plate éllegtre explained [18]. Salt intake was recommertddae
kept below 6 g per day.

The information on the Paleolithic diet stated thahould be based on lean meat, fish, fruit,leafd cruciferous
vegetables, root vegetables, eggs and nuts, wigleding dairy products, cereal grains, beansnegfifats, sugar,
candy, soft drinks, beer and extra addition of. §die following items were recommended in limitedoaints for

the Paleolithic diet: eggs2 per day), nuts (preferentially walnuts), driedgitfrpotatoes<{1 medium-sized per day),
rapeseed or olive oik( tablespoon per day), wingl( glass per day). The intake of other foods wagesiticted
and no advice was given with regard to proportwif®od categories (e.g. animal versus plant footlsg
evolutionary rationale for a Paleolithic diet armtgntial benefits were explained [19].

Evaluation

An oral glucose tolerance test (OGTT) was perforingtie morning after obtaining venous blood sampled
measurements of blood pressure, weight and wa@troference in the primary care unit (by UCB, GRABY at
study start, after 3 months (when switching to w déeet) and at the end of the study (after 6 months g glucose
was ingested. Blood samples for plasma glucosereutin during OGTT were obtained at 0, 15, 30, 8Dand
120 minutes. Changes in the area under the curd€}jAdetween 0 and 120 min during OGTT for plasmegse
(AUC Glucose0-120) and plasma insulin (AUC Insulib20) were predefined primary endpoints, along with
changes in body weight, waist circumference, sdipias, CRP, blood pressure and glycated haemoglakic
(HbAlc) by Mono-S standard. The base of the AUC se&tsat 0 mmol/L for glucose and 0 pmol/L for insullhe
stimulated secretion was represented by the argey the glucose and insulin curves using levelsrain as the
base of the area. The Homeostatic model asses$H@MA) was used for assessing beta-cell functioB)%nd
insulin sensitivity (%S), as percentages of a nbmeference population, and insulin resistance {fe,reciprocal of
%S (100/%S)) [20]. Values for %B, %S, and IR weeeivkd from fasting plasma glucose and insulin gishe
HOMAZ2 computer model v2.2 [20]. Insulin sensitivitydex (1S10,120) was calculated from fasting (0hjyrand 120
min (post-OGTT) insulin and glucose concentratif2ig. A 4-day weighed food record on four conseaitiays,
including one weekend day, with weighing of eaotdfiiem on a digital weighing scale (that couldskéto zero),
was completed by the participants, starting 6 wesles initiating each diet. Nutrient compositiomsre calculated
by YG using data from The Swedish Food DatabaskeoNational Food Administration in Sweden. GL &idor
the two diets were calculated. Underlying concéglietary GL and dietary Gl is food Gl, introducled Jenkins et
al [22], reflecting the postprandial glucose regmafter a specific food rich in carbohydrate, exping the quality
of the carbohydrates. Wolever and Jenkins alsoestgd the possibility of ranking diets based otadyeGI
calculated from the proportional Gl contributiontbé included foods containing carbohydrate [28).ificlude also
the quantity of carbohydrates consumed GL wasditred by Salmerdn et al expressing the glycemexetif the
diet [24]. While dietary Gl is expressing the qtiabf the carbohydrates consumed GL representthetiquantity
and the quality of the carbohydrates consumed. ,Thiagary GL in this study was calculated as treiltefrom
multiplying available carbohydrate (g) for the fomgorted by the subjects during the 4-day weighed record
with the specific food's Gl divided by 100. Availalzarbohydrate was based on total carbohydrateswietary
fibre. Food's Gl values (glucose as reference) waen from the compilation by Foster-Powel et&l][ Dietary
Gl was calculated as 100 multiplied with dietary @iided by the amount of available carbohydraddr{ghe diet.



Statistics

A pre-study power calculation showed that 15 subjeould be required to detect, with 80% power and
significance level of 5%, a 15% reduction in AUQuGse0-120. Two-way paired t-test was used to aealy
within-subject changes in absolute values, while-tvay unpaired t-test was used to analyze betwabjest
changes in absolute values. All outcome varialesved reasonable normal distribution in normalgl@Yithin-
subject changes in outcome variables after firdtsarond diet and within-subject changes in refdattetary intake
during first and second diet were used to checlpériod effects [26]. Mean values of outcome vddaland
reported dietary intakes for the group startingwitleolithic diet was compared with the grouptstgrwith
Diabetes diet in order to check for carry-over efg26]. Exploratory analyses were performed otitame
variables with significant effects from the Paléut diet as compared to the Diabetes diet. Expdoyeanalyses
consisted of bivariate correlations between withuject differencesA) in outcome and dietary variables.
Significantly correlating variables were enteretbia stepwise forward linear regression analyses.

Results
Recruitment and participant flow

The study started in January 2005 and the lastcigait was followed up in September 2007 aftercltihe study
was stopped. Out of 26 subjects assessed for iitiginine were not eligible since they did not ea¢he inclusion
criteria or refused to participate. Out of the rexitay 17 eligible subjects, who were all randomized started on
the study, four subjects were excluded for theofeihg reasons: one starting with Paleolithic dieswrongly
included with ongoing warfarin treatment, one $tgrivith Paleolithic diet was unwilling to contingleie to
abdominal pains and bloating, one starting withbietas diet was excluded after developing leukearid,one
starting with Diabetes diet was excluded after tiiag heart failure. All reported analyses arer'jp@tocol”
analyses on the 13 participants who completedridie t

Medication

Study participants were on average treated withgheve four drugs per day, which usually includestformin
alone (3 subjects) or metformin in combination vétbulfonylurea (3 subjects) or a thiazolidinedi¢®e
subjects)(Table 1, 2). Medication usually alsouned a lipid lowering drug (8 of 13 study partigifmand always
statin treatment) and more than one anti-hypentergiiug per day (Table 1, 2). All medication renegiunchanged
during the whole study with the following exception

Table 1. Baseline characteristics (mean = SD)
Table 2. Baseline differences and carry-over effeetween groups with different starting diets (me&D)

One participant stopped taking sulfonylurea (glitidamide 87.5 mg daily) the day after starting shely with the
Paleolithic diet, and was thus on a low dose sylfmea at baseline, but without sulfonylurea dutigh the
Paleolithic and Diabetes diet. Exclusion of thistiggpant would not negate any significant effefctam the
Paleolithic diet compared to the Diabetes dietviutld negate the effect from the Paleolithic d@tpared to
baseline on systolic blood pressure, and the efifent the Diabetes diet compared to baseline on.BMk to
concerns for rising blood sugar levels one pardictswitched hypertensive treatment from a thiadideetic to a
beta blocker for seven weeks during the Paleoldiet. Exclusion of this participant would not negthe
significant effect on HbAlc, but would negate tfileet on diastolic blood pressure. Due to concafsut muscle
ache one participant was without lipid-lowering gltteatment for four weeks during the Paleolithiet.dExclusion
of this participant would not negate the significaffects on TG and HDL, but would instead cause #btal
cholesterol to be significantly lower following tialeolithic diet compared to the Diabetes diet (n03). One



participant was put on finasteride (5 mg dailyragdversus benign prostate hyperplasia) durindg’tideolithic diet
and continued this medication during the followiDigbetes diet.

Baseline data

The group starting with the Paleolithic diet diffdrat baseline only with regard to fasting plastoaagse and AUC
glucose being lower and HOMA2 %B being higher coragdo the group starting with a Diabetes diet (@ &).
There was no difference between starting groupsrbedr at the end of the study in inclusion/exdunsiariables.

Outcome variables

Compared to the Diabetes diet, the Paleolithic iistilted in lower mean values of HbAlc, TG, DBRight, BMI
and waist circumference, while mean values for Hiire higher (Table 3, Figure 1). The larger de@eddasting
plasma glucose following the Paleolithic diet ngadached significance, and SBP also tended taedsermore
following the Paleolithic diet. Compared to baselithe Paleolithic diet lowered mean values of HhAIG, SBP,
weight, BMI, waist circumference, fasting plasmaagise, fasting plasma insulin, AUC glucose, 1S10,120MA2
%S and HOMA2 %IR (Table 3). Compared to baseline,Riabetes diet lowered mean values of BMI, waist
circumference and HOMA2 %S (Table 3). Period effeetre seen in AUC insulin0—120, AUC insulin0—120
stimulated secretion and HOMA2 %B (Table 4). Cavgr effects were seen in HbAlc (Table 2, Figure 1)

Table 3. Risk factors for cardiovascular diseaser &faleolithic diet and Diabetes diet (mean + Sbpfidence
Interval 95%)

Table 4. Period effects on cardiovascular riskdecafter 3 and 6 months in all 13 subjects comb{neean + SD)

Figure 1. Cardiovascular risk factors with sigrafint effects from Paleolithic diet compared to Rimls diet. Closed
circles depicts individuals starting with Diabethst first and open circles depicts individualgtstg with
Paleolithic diet first. Values are group means andr bars depicts SD for group means.

Reported food intake

There were no period or carry-over effects in regmbdietary intakes (data not shown). Reportedydadd intake
differed between diets mainly in that the Paleditfiet was markedly lower in cereals and dairydoiais, and
lower in potatoes, beans and bakery, and much higHeuits, vegetables, meat and eggs (Table &ither, the
Paleolithic diet was somewhat lower in total eneryyergy density, carbohydrate, fiber, saturatég &cids and
calcium, and higher in monosaccharides, dietaryesherol, some vitamins (vitamin B6, vitamin C,¢irg and
minerals (potassium, selenium) (Table 5). DurirgyPaleolithic diet, there was a lower relative ketéas a
percentage of total macronutrient energy intake])E$focarbohydrate and a higher relative intak@aitein and fat
(Table 5). Both dietary GL and dietary Gl were deti@ed to be lower for the Paleolithic diet than fite Diabetic
diet (Table 5).

Table 5. Average food eaten per day during Palgoldiet and Diabetes diet (mean = SD)
Exploratory analyses

In exploratory analyses of primary endpoints, witeubject differences\) in HbAlc (AHbA1c) correlated with
Awaist circumference, which correlated witlveight, which correlated withCRP (Table 6). FurthermoraHDL
correlated wittAcholesterol andDBP with AHOMAZ IR (Table 6). In exploratory analyses of gsted intake of
nutrients AHbALc correlated witlhpotassiumAHDL with Afatty acid C20:5 n-3ATG with Athiamin, ADBP with
Adietary cholesterolAweight withAenergy density per meal, anevaist circumference withbakery,Aenergy
density per mealAsauce andvitamin E (Table 6).



Table 6. Exploratory analyses
Discussion
Key findings

The advice for patients with type 2 diabetes ttofela Paleolithic diet resulted in lower HbAlc, TGRP, weight
and waist circumference, and higher HDL, as conpére Diabetes diet according to current guidslite
addition, fasting glucose and SBP tended to deersmse after the Paleolithic diet. Changes in giecmlerance
were not significantly different between diets. T diets differed mainly in that the Paleolitliiet was lower in
cereals and dairy products, and higher in fruiégetables, meat and eggs. Further, the Palediithiavas lower in
total energy, energy density, carbohydrate, die®&lrysaturated fatty acids and calcium, and highemsaturated
fatty acids, dietary cholesterol and several vitsnDietary Gl was lower in the Paleolithic diet €50) than in
the Diabetic diet (Gl = 55).

Possible mechanisms and explanations

No advice was given to restrict food intake. Theref the lower reported energy intake during tHedihic diet
despite no difference in weight of reported foo@lke agrees with the notion that such a diet iatsag and
facilitates a reduced caloric intake [4,27]. Acdogly, energy density was lower in the Paleolittiiet and also
correlated with alterations of both weight and waiscumference. The higher amount of fruit andetadles during
the Paleolithic period may have promoted weighs lihge to its high content of water, which is thaughbe
satiating [28]. Interestingly, the Paleolithic dégipeared to be satiating despite a lower confditiar in this study.
The slightly higher relative protein intake, asqartage of total calorie intake, may also have ddda satiating
effect [29,30]. Alternative explanations on satiatisuch as dietary effects on leptin resistanoeldcalso be
considered [31].

A reduced energy intake would evidently be a majgianation for the beneficial effects of the Péibiz diet on
weight and waist circumference. Meta-analyses argkltrials with various lifestyle interventionslicate that
reduced caloric intake is more important for loegit weight loss than other known dietary factarsluding
macronutrient composition [32-40]. In studies sapthan 6 months, such as this one, differenc& end/or GL
may also have played a role for weight change. AhCane review found that overweight or obese peloste
slightly more weight during 5—12 weeks of low Géti [41], and short-term carbohydrate restrictiossibly
results in greater weight loss than low-fat di@@][ However, dietary Gl and dietary GL did notredate with
alterations of weight, waist circumference or metavariables in our study. It should also be dadteat, in the
present study, reported mean absolute carbohyititate in the Paleolithic diet (g per day) was osilghtly below
the 130 g per day recommended by the American Beab&ssociation, and clearly above 50 g per daychwhas
been proposed as the level below which a diet shioeitermed a low carbohydrate diet [42].

Paleolithic diet improved the glycemic control iretsubjects, as evident by the reduction of HbA&Yels by -0.4
percentage points lower as compared to the diadetesSince both glucose and insulin levels dediduring
Paleolithic diet, a main mechanism behind the impdoglycemic control is probably improved insulensitivity,
which may have allowed the released insulin to wadte efficiently. The difference in reduction itbAlc of
0.4% units between the Paleolithic and Diabetesislielose to the average 0.5% units in a recech@me review
of diets with a low glycemic index or glycemic logg]. However, the differences in Gl between diatthat meta-
analysis were considerably larger than in our.t@ilicose tolerance, which also determines theoglicesponse
and thereby HbAlc, did not improve more duringRiadeolithic diet. This result agrees with findirfgem Frassetto
et al [10], but differs from our previous paraltgbup trial which compared a Paleolithic diet watiMediterranean-
like diet in subjects with diabetes or impairedagise tolerance [4]. Glucose tolerance has not slkeewn to
improve after reduced carbohydrate intake in eadietary studies [43-46].



The much higher fruit intake of the Paleolithictdieobably resulted in a slightly higher intakefrafctose which
may have aided in the reduction of HbAlc. Fruciasexchange for starch, sucrose or glucose desease
postprandial glycemia [47], while the effect ona@lae tolerance and insulin sensitivity is more uiage [48]. The
effect of fruit on TG and other risk factors is exped to have been neutral in this study [48,46]allintake of
monosaccharides was 46 g per day, including apprately equal amounts of glucose and fructose, wivizh well
below the suggested safety limit of 50 g fructosedny [48]. Our study lends further support torib&on that fruit
intake should not be restricted in patients withetp diabetes.

The lower DBP after the Paleolithic diet compamthe Diabetes diet did not correlate with sodintake, which
did not differ significantly and was rather lowboth diets (2.5 g and 3.0 g per day respectivalytfe Paleolithic
and Diabetes diet).

The reduction of TG after the Paleolithic diet vpassibly due to greater loss of abdominal fat @Opwer GL
compared to the Diabetes diet [6], although noedation of TG with waist loss or GL was seen inlexrgtory
analyses. A small additional effect on TG may helattable to a trend for higher content of longzeithomega-3
fatty acids in the Paleolithic diet, while the heghdietary cholesterol content of the Paleolithit ¢ probably of
minor significance [51].

Comparison with findings from other studies

All improvements in markers of the metabolic symdeoon the Paleolithic diet are in line with findinfjom
epidemiological studies in non-Western populatid#s16]. Improvements in HbAlc [4], weight [4,12]5BMI
[52], waist circumference [4,52], DBP [10], and TI®], compared to baseline, on a Paleolithic datehbeen
observed before in intervention studies, while ioy@ments in HDL have not. Similar differences irigi and
DBP on a Paleolithic diet, compared to a cereatthakiet, have been observed before in an interwmestudy on
domestic pigs [11]. A lower reported energy intake energy density of food despite food intakeilsitlim agrees
with our earlier findings that a Paleolithic diatflitates a reduction of caloric intake [4,11,27].

Also, lower intake of cereals, dairy products, cdmjdrates, dietary GL and saturated fat, and higttake of fruit
and potassium have been observed before [4,10]etowake of potatoes, bakery, fiber, phosphorousaalcium,
and higher intake in vegetables, meat, eggs, meonbasdes, dietary cholesterol, vitamin B6, vitar@inniacin and
selenium have not been observed before in inteimestudies with a Paleolithic diet. Dietary Gl fiPaleolithic
diet has not been determined before.

Limitations of the present study

A limitation of this study, as with most other digt trials, is the lack of blinding after randontipa. To minimize
this problem, all study participants were inforneédhe intention to compare two healthy diets ia tteatment of
type 2 diabetes and that it was unknown if anyhefit would be superior to the other. Also, writtefoimation
with dietary advice and food recipes were simildosmulated for both diets. Furthermore, for incea
conformity, the dietary advice and data collecfioacedure were discussed by all those administehieg
interventions at several meetings prior to stagtoély.

Another limitation of this study is its small sisich did not reach the number of participants eeeas calculated
in the pre-study power calculation. The decisioend the study was taken when recruitment for theyshad not
yielded new participants for more than six monifge population of patients with type 2 diabetesigh larger
and therapy continues for substantially longer tinathis study. Moreover, many patients with typdi&betes have
illnesses and treatments that excluded them frenctinrent study. Consequently, the results ofghidy do not
address the occurrence of rare adverse eventsandhey be extrapolated to all patients seenrieige clinical
practice.



The carry-over effects on HbAlc were not due taoycawer or period effects in reported food intakestead, they
could be true carry-over effects of the first dighis is particularly likely for HbAlc, since HbAYepresents a
weighted average of the blood glucose concentrati@n the previous two to three months ([53]. Huis from the
second period were discarded (owing to carryové})[3he reduction of HbAlc from the Paleolithiedcompared
to the Diabetes diet was still significant (p =1).@nd even larger (-1.3% units) than when redtdta the second
period were included. However, this approach ctéeddl to biased answers to our hypothesis and sefsaih both
periods are therefore used in this study [54].

The lack of carry-over or period effects in repdrfeod intake indicates fairly good adherence terirention diets.
Reported food intake in this study seemed reaseradth in distribution and quantity, as subjecinva$sessed by a
nutrition engineer skilled in analyzing reporteddantake (YG). Furthermore, the reported lowergpéntake of
1.3 MJ per day on a Paleolithic diet equals aba2ikg fat during three months, which almost exaatigounts for
the observed 3.3 kg difference in weight loss betwaiets. This indicates both good reporting bygheicipants
and good adherence to reported food intake duhiegtudy.

Clinical and research implications

The favourable results in this study are in linghvgrevious findings and increase the generaliitguf the
Paleolithic diet by testing it in both men and wanie a primary care setting. A limitation of theidy is the small
size of the study population. This prevents thect@ions from resulting in nutritional recommendas for
patients with type 2 diabetes. A long-term studwg iarger population is therefore required. In pekgurther
research into possible mechanisms for the benkéffiects of a Paleolithic diet should be done.

Total protein intake in g per day did not diffetleen the diets, but, as a result of the differendetal energy
intake, the energy percentage (E%) from dietarygiman the Paleolithic diet (24 E%) slightly exded US and
European recommendations for people with diabet28 E%) [17,55]. The debatable disadvantage foy-i@nm
kidney function [56,57] should be weighed agaihstlbenefits of attenuated postprandial glycemianagretein
replaces starch or glucose [58].

Calcium intake did not meet recommendations forafthe diets, and it was particularly low in thelé€dlithic diet.
Recent calcium balance studies indicate that huralium requirements are lower than previously giay59],
and meta-analyses of randomized controlled trizaggisst that the effect of calcium supplementatwrbbne
strength is limited [60,61]. It has been suggestat absorption and excretion of calcium are momgadrtant than
calcium intake for whole-body calcium balance [@8]this context, the lower content of calcium-bimgiphytate
and the lower dietary acid load from a Paleolittiet may hypothetically compensate for the low antaf

calcium [63]. Supporting this view are the findimgfsFrassetto et al, where calcium intake remaimezhanged and
urine calcium decreased after a Paleolithic dietgared to baseline [10].

As has been discussed, there may be a challengglement and adopt the Paleolithic diet on a waeidie scale in
subjects with type 2 diabetes. However, this asisdotyond the objective of this paper and requinese research.

Conclusion

Based on the results of this 3-month randomizedseover study in subjects with type 2 diabetesgladtithic diet
improves glycemic control in association with impement of several cardiovascular risk factors caegbéo a
conventional diabetes diet. The study supportsnitiation of a large scale study on the effecPaleolithic diet in
subjects with type 2 diabetes.
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