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National Starch, LLC) on insulin sensitivity in subjects with waist circumference =89 cm (women) or =102
(men). Participants received O (control starch), 15 or 30 g/d (double-blind) of RS in random order for 4-wk

.
periods, separated by 3-wk washouts. Insulin sensitivity index (S;) was assessed at the end of each period ln M en and \ x / Om en
using the insulin-modified intravenous glucose tolerance test (minimal model). The efficacy evaluable sam-

ple included 11 men, 11 post- and 10 pre-menopausal women with mean+SEM age 49.5+1.6 y, body mass
index 30.6+0.5 kg/m? and waist 105.3+1.3 cm. The analysis showed a significant treatment main effect
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min! x (WU/mL)-'. Median changes compared to control during the 15 g/d RS condition were 42.1%, 18.4%,

and —0.4% in men, 'p.ostmenopausal and premenopausal women, respectively. Corresponding changes during lPrOVident Chnlcal ReS eaI'Ch, Glen Ellyn’ IL; ZN ational StarCh, LLC’ Bridgewater, N]
the 30 g/d RS condition were 59.8%, 7.3%, and —3.1%. Responses in premenopausal women may have been

confounded by changes in insulin sensitivity during the menstrual cycle. These results suggest that consump-

tion of 15-30 g/d of RS increases insulin sensitivity and that future studies in premenopausal women should

control for menstrual cycle phase.

Background Results

m Resistant starch (RS), a type of insoluble dietary fiber, is the fraction of starch resistant to pancreatic

a-amylase hydrolysis in the small intestine, and therefore passes undigested to the large bowel where it Table 1. Subject characteristics. Table 3. Glucose homeostasis variables in women. Figure 1. Insulin sensitivity percent differences from control by treatment
condition in the overall study sample and sex-specific subgroups.

can act as a substrate for microbial fermentation (Englyst 1992).

Characteristic Total Men Women Parameter Control 15 g/d RS 30 g/d RS P-Value®
m Results from prior studies suggest that consumption of certain RS products may improve insulin (n=233) (n=11) (n=22) n=22 n=21 n=22
sensitivity, although the mechanisms responsible for this effect are not fully understood (Johnston 2010, . Mean + SEM 5 107
Robertson 2003, 2005). n (%) - £
S; (10 "' x L' x min™! 02 +091 50 +0.78 6.80 + 1.01 0.245 Y 100
m This has important implications for human health because insulin resistance (i.e., impaired Race {107 x prr'loil xL7xmin) - 7.02 ¢ 120£07 8 4 £ il : I(\)/Iverall
insulin sensitivity) is a central pathophysiologic feature of the metabolic syndrome, a cluster of risk Non-Hispanic White 27 (82) 9 (82) 18 (82) S (x 100 min) 256021 2.33+0.20 2.34+0.19 0.545 ";: - . Wf):1en
factors for atherosclerotic cardiovascular disease and diabetes mellitus. African-American 2 (6) 1(9) 1 (5) K (min) 249 £0.27 231 £0.28 248 +£0.22 0.584 § +
1 . =
m Fermentation end products, particularly short-chain fatty acids (SCFA), are hypothesized to be Other 4 (12) 1(9) 3 (14) AR (pmol x L~ x min) 2540 = 361 2099 + 280 2777 + 404 0.133 % 0 1 = +—
involved in a cascade of events that may lead to improved insulin sensitivity. Smokine S DI(S; x AIRG) 17,902 + 3667 18,018 3997 18,393 + 3563 0.924 2
moking Status Fasting Insulin (pmol/L) 582 +7.8 54.1 £69 49.5 7.5 0.253 i
Non-Smoker 17 (52) 5 (46) 12 (55) Fasting Glucose (mmol/L) 5.49 + 0.13 553 +0.11 5.42 + 0.08 0.290 15 g/d vs. Control 30 g/d vs. Control
ob'ective Current Smoker > (15) 3(27) 2.0 HOMA%B 89.2 + 7.4 84.7+17.7 80.7 + 7.7 0.495 overal Sjgg:g Ejgggg
l Past Smoker 11 (33) 3 (27) 8 (36) HOMA%S 104.1£10.7 1153181  144.0+279 0.253 Women b= 0227 b= 0844
®m The aim of this clinical trial was to assess the effects of a dietary fiber/RS ingredient, at two doses, on
Menopausal Status

insulin sensitivity. “P values derived from analysis of variance.

Premenopaual N/A N/A 9 (41) Symbols are means, error bars indicate 95% CI.
Postmenopausal N/A N/A 13 (59)

S“bje(:ts Fasting Glucose Status Table 4. Blood parameters in men and women. Conclusi

m Subjects were generally healthy, overweight and obese men and women, 18 to 69 years of age, inclusive, Normal 22 (67) 7(64) 15 (68) Parameter Control 15 g/d RS 30 ¢/d RS P-Value* o“c USIo“s
with waist circumference =102 cm and =89 cm, respectively. None of the subjects had diabetes. Impaired 11 (33) 4 (36) 7 (32) n=22 n=21 n=22 W Aslittle as 15 g/d of a natural Type 2 RS markedly improved insulin

. . . . . . . . ., . . . _ f . . . . _

B [ndividuals with a body mass index >35.0 kg/m?; abnormal lab values of clinical importance; history Metabolic Syndrome 15 (45) 7 (64) 11 (50) Median (IQL) sen51t1\l/1ty and PinireatIC;eFi cf:ell urz{etlon lnlmec? with Cezt:flbObeSIty
of clinically important endocrine, cardiovascular, renal, pulmonary, hepatic, biliary, or gastrointestinal a population with elevated risk tor cardiovascular disease and diabetes.
disease; recent history of cancer, major trauma or surgery, or a current infection were excluded. Mean = SEW re(r;}ir;? IZL) 1.30 (0.80, 2.20) 1.00 (0.60, 2.10) 1.50 (0.90, 2.60) 0.210 W The response was smaller and non-significant in women.

m Subjects with extreme habits that might confound the results (e.g., alcohol or substance abuse, extreme Age (yr) 495+ 1.6 48.1 £3.3 50.2 + 1.7 > me : i : R : e : I h diff 1 ore-test levels of SCEA o
dietary or exercise habits) or using systemic medications known to influence carbohydrate metabolism Body mass index (kg/m?) 306 + 0.5 30.7 + 0.9 30.6 + 0.5 Adiponectin (pg/mL)  5.12 (3.38, 6.98) 5.16 (3.08, 6.18) 4.69 (3.14,6.57) 0.697 2 menf, % e Rfeiel n(i Slc ;Irzeces in p1e—~es 2 b or c;ncen ra-
were also excluded. Waist cireumf (cm) 10534 13 10884 1.5 10364 1.8 Fructosamine (umol/L) 199.0 (191.0,204.0)  200.0 (196.0,208.0)  198.5 (193.0,209.00)  0.977 IO i Ak LRe hytalue) I e

aist circumference (cm 3=+1. 8=+1. 6+1. ‘ - ionifi ' ‘ '
N Total FFA (mmol/L) 048 (0.39,057)  0.46 (0.36,0.56) 0.46 (030, 0.61) 0.810 in V?“f‘en’ there was a Sllg(mﬁcgrglgl)crease in acetate in the 30 g/d RS
i condition versus control (p = 0. .
Fasting glucose (mmol/L) 5.29£0.08 5312015 5.290.10 Total SCFA (umol/L) ~ 74.7 (61.4,1053)  116.8 (80.6,182.0)  113.4 (973,1157)  0.162 P

MethOds Average alcoholic drinks/week 1.8+0.5 32+13 1.1+0.3 Acetate (umol/L) 68.4 (54.0, 88.2) 90.0 (62.9, 171.0) 101.8 (76.5, 107.0) 0.081 There was some indication that responses in premenopausal women may

m This was a randomized, double-blind, controlled, crossover trial consisting of three 4-week treatment Butyrate (pmol/L) 2.00 (1.25,2.65) 2.20 (1.90, 4.20) 2.55 (2.00, 6.60) 0.323 have been COHfOLllnded by t}}:e nlldenStmt‘llleYCle’ therefolre fulturehstudles
periods, separated by 3-week washouts. Propionate (pmol/L) 650 (6.10,8.50)  7.10 (6.10, 8.60) 7.00 (5.30, 8.00) 0.101 I premenopausal women shouid COntrol for MEnstrual cycie phase.

m Eligible subjects received 0 g/d (control starch), 15 g/d or 30 g/d of RS (as measured by AOAC Method o _ Acetate:Propionate  10.38 (9.53,12.09)  11.90 (9.26,14.50)  14.43 (10.08,15.65)  0.282 Given the putative role of insulir} resistance in the development of digbetes
991.43 for total dietary fiber; Hi-maize 260%, National Starch LLC, Bridgewater, NJ). Table 2. Glucose homeostasis variables in men. T —— mellitus and atherosclerotic cardiovascular disease, further understanding of

the relationship between RS intake and insulin sensitivity has substantial

m The study product was a type 2 RS packaged in ready-to-use sachets. Parameter Control 15 g/d RS 30 g/d RS P-Value* hs-CRP (mg/dL) 1.80 (1.10, 4.20) 1.50 (0.80, 3.70) 1.65 (0.80, 5.30) 0.238 potential public health significance

m Subjects were instructed to consume two servings daily of their assigned study product at separate eating n=11 n=11 n=11 Adiponectin (ng/mL) 1043 (7.87,13.29) 1048 (840, 13.54) 10.75 (7.96,15.01) 0.280
occasions during the day with the last dose of their assigned study product during the evening prior to Mean + SEM Fructosamine (umol/L) 211.0 (193.0,219.0) ~ 208.0 (197.0,211.0) ~ 208.0 (195.0,222.0)  0.698 References
test visits. Subjects consumed the study product in the evening prior to each test visit. Subjects were Total FFA (mmol/L) 0.59 (0.44, 0.66) 0.66 (0.43,0.85) 0.56 (0.47,0.74) 0.069 Bloem CJ, Chang AM. Sh o B.cellfunc islin res . |
. . . -5 -1 -1 i1 T oo oem y ang . ort-term exercise mproves p-ce nction and nsulin resistance in older people
instructed to mix the study product into any cold or room temperature beverage or food. S; (107 x pmol™ x L' x min-'1)  5.19 + 1.23 707+1.13 8.02+1.72 0.012 Total SCFA (umol/L)  71.6 (66.4, 79.4) 79.7 (62.6,107.0) 88.9 (66.6,106.5) 0.158 with impaired glucose tolerance. J Clin Endocrinol Metab 2008;93:387-392.

B Insulin sensitivity index (S;) was assessed at the end of each period using the insulin-modified intra- Sg (100 x min™') 2.75+053 2.33+0.25 241+0.27 0.765 Acetate (umol/L) 67.1 (58.3,72.0) 76.5 (61.7,92.7) 90.2 (62.7,102.5)1 0.018 Englyst HN, Quigley ME, Hudson GJ, Cummings JH. Determination of dietary fibre as non-starch polysac-
venous glucose tolerance test (IVGTT) with minimal model analysis. Blood samples were collected at K (min!) 2.65 +0.57 2.28 +0.35 2.32 +0.44 0.433 Butyrate (pmol/L) 1.50 (1.30,2.90) 2.20 (1.10, 4.00) 1.55 (1.15, 3.50) 0.817 charides by gas-liquid chromatography. Analyst 1992;117:1707-14. Erratum in: Analyst 1993;118:582.
the following pre- and post-glucose infueion timepoints: t =-10, -5, 3,5, 7, 10, 12, 14, 16, 19, 22, 25, 30, AIR;; (pmol x L' x min) 5070 + 1430 4050 + 1606 3880 + 9008 0.010 Propionate (umol/L)  6.40 (5.80, 7.10) 6.40 (5.40, 7.20) 6.23 (5.00, 6.70) 0.386 1;) iﬁfgﬁi;ﬁﬁa;)%bfﬁlﬁoﬁrg, Szt7G3891R70 bertson MD. Resistant starch improves insulin sensitivity in
40, 50, 60, 75, 90, 120, 150, and 180 min. ; Acetate:Propionate 1038 (9.05,12.20)  10.98 (9.49, 13.06) 1434 (10.85, 16.19)*  <0.001 | "

DI ( S x AIRG) 19,462 + 6124 25,070 + 10,787 26,907 + 7598% 0.005 Kahn SE, Prigeon RL, McCulloch DK, Boyko EJ, Bergman RN, Schwartz MW, Neifing JL, Ward WK,
® Plasma glucose and insulin values were entered into the MINMOD MILLENNIUM computer _ . Beard JC, Palmer JP. Quantification of the relationship between insulin sensitivity and beta-cell function in
program (version 6.02; RN Bergman, USC, Los Angeles, CA) for determination of insulin sensitivity Fasting Insulin (pmol/L) 60.5+12.1 48.2 £11.6 56.5 £ 10.8 0.151 “P values derived from analysis of variance. human subjects. Evidence for a hyperbolic function. Diabetes 1993;42:1663-1672.
(Bergman 1979, Bloem 2008). Acute insulin response to [V glucose (AIRG) was defined as the Fasting Glucose (mmol/L) 5.51 £0.26 5.80 +0.20 5.75 +0.14 0.291 P < 0.013 vs. control; P < 0.002 vs. control and low dose RS Maki. KG, Skorodin MS, Jesses JH, Laghi E Effects of oral albuterol on serum lipids and carbohydrate me-
incremental area under the curve for the period O to 10 min (Maki 1996). The disposition index HOMA%B 1011+ 21.0 75.2 + 14.8 814 +11.9 0.239 tabolism in healthy men. Metabolism 1996; 45:712-717.
(DI) of pancreatic B—CCH function, a measure of the appropriateness of the amount of insulin secreted o Robertson MD, Bickerton AS, Dennis AL, Yidal H, Frayn KN.‘Insuhn—sensi.tizing effects of dietary resistant
for the prevailing level of insulin resistance, was calculated as DI = S x AIRg; (Kahn 1993) HOMA%S 128.5 + 38.2 1254 +17.0 1105+ 21.2 0.136 Abbreviations: starch and effects on skeletal muscle and adipose tissue metabolism. Am J Clin Nutr 2005;82:559-567.
’ I AIRG = acute insulin response to intravenous glucose LDL-C = low-density lipoprotein cholesterol Robertson MD, Currie JM, Morgan LM, Jewell DP, Frayn KN. Prior short-term consumption of resistant
m Differences between conditions in responses for continuous variables were assessed using SAS PROC “P values derived from analysis of variance. AN = il s off vt non-HDL-C = non-high-density lipoprotein cholesterol starch enhances postprandial insulin sensitivity in healthy subjects. Diabetologia 2003;46:659-665.
MIXED repeated measures analysis of variance (ANOVA), including subject as a random variable and P < 0.05 vs. control, P < 0.02 vs. control, $P < 0.05 vs. low dose RS condition. /;JC; area “nder:‘e curve RS = resistant starch
i1 : i3 ; : = disposition index Si = glucose effectiveness This trial ted with
terms for treatment condition, sex, sequence, period, and treatment condition by sex interaction. Untransformed values are shown for insulin sensitivity index, however the model was run on P sf= ii - SenSititViw - Smﬁ;y Zraogl’;‘i‘z ;:gi;zzjing}éy (L)) I r’ OVI dent
B Models for glucose homeostasis variables also included the homeostasis model assessment of insulin log(e) transformed values. BIDILAC = Ll oot clil e SCFA = short chain fatty acids National Starch, LLC CornProducts Clinical Research & Consulting, Inc.

HOMA%B = homeostasis model of beta cell function

HOMA%S = homeostasis model assessments of insulin sensitivity

sensitivity (HOMA%S) value from the control condition as a covariate. Models were reduced until SEM = standard error of the mean (Bridgewater, NJ). INTERNATIONAL

only treatment condition and any significant (p < 0.05) terms remained. TC = total cholesterol

K = glucose disappearance constant TG = triglycerides.
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