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Abstract

OBJECTIVE—The glycemic index (Gl) of dietary carbohydrate is thought to affect glucose
homeostasis. Recently, the OmniCarb Trial reported that a low Gl diet did not improve insulin
sensitivity. We conducted this ancillary study of the OmniCarb Trial to determine the effects of Gl
and carbohydrate content on glucose homeostasis and inflammation.

RESEARCH DESIGN AND METHODS—OmniCarb was a randomized crossover feeding
study conducted in overweight or obese adults without diabetes (N=163). Participants were fed
each of 4 diets for 5 weeks with 2-week washout periods. Weight was held constant. Diets were:
high GI (G1=65) with high carbohydrate (58% kcal), low Gl (GI<45) with low carbohydrate (40%
kcal), low GI with high carbohydrate; and high GI with low carbohydrate. We measured glycated
albumin (GA), fructosamine, and high sensitivity C-reactive protein (CRP) at baseline and
following each dietary period. These biomarkers were compared within-person between diets.
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RESULTS—The study population was 52% female and 50% black. Mean age was 53 (SD, 11)
years; mean BMI was 32 (SD, 6) kg/m2. Reducing GI had no effect on GA or fructosamine, but
increased fasting glucose in the setting of a high carbohydrate diet (+2.2 mg/dl; £=0.02). Reducing
carbohydrate content decreased GA in the setting of a high Gl diet (-0.2%; £=0.03) and decreased
fructosamine in the setting of a low Gl diet (-4 pmol/L; P=0.003). Reducing carbohydrate while
simultaneously increasing Gl significantly reduced both GA (—0.2%; P=0.04) and fructosamine
(=4 umol/L; P=0.009). Neither reducing GI nor amount of carbohydrate affected insulin or CRP.

CONCLUSIONS—Reducing carbohydrate, regardless of high or low GlI, decreased GA and
fructosamine. This suggests that reducing carbohydrate content, rather than Gl, is a better strategy
for lowering glycemia in adults at risk for diabetes.

Keywords

carbohydrate; diet; glycemic index; glycated albumin; fructosamine; C-reactive protein;
randomized controlled trial

INTRODUCTION

Randomized clinical trials examining the effects of dietary patterns on traditional
cardiovascular disease risk factors have helped inform national dietary guidelines (1,2).
Recently the OmniCarb Trial tested whether modifying the amount or type of carbohydrate
could reduce cardiovascular risk factors (3). It was found that at high dietary carbohydrate
content, reducing glycemic index (GI) decreased insulin sensitivity and increased LDL
cholesterol, but did not affect HDL cholesterol, triglycerides, or blood pressure (3). In this
trial, insulin sensitivity was determined by an oral glucose tolerance test, conducted in the
morning after an overnight fast; glucose and insulin were measured at 7 time points.
However, the oral glucose tolerance test does not represent the overall glycemic effects of
dietary patterns that vary in amount and type of carbohydrate. Glycated albumin and
fructosamine, markers of 2-3 week cumulative exposure to blood glucose, may be especially
well-suited for evaluating the effects of dietary carbohydrates on glycemia in an
intermediate-term trial setting. Both glycated albumin and fructosamine are formed by
glycation reactions during which glucose binds with intravascular proteins, including
albumin (4,5) and are associated with risk of diabetes (6,7) and cardiovascular disease events

(8).

It has been hypothesized that the associations between Gl and risk of diabetes and
cardiovascular disease are mediated through low-grade inflammation (9,10). Observational
studies have shown that C-reactive protein, a marker of inflammation, is associated with
both diabetes (11) and cardiovascular disease (12). Further, several studies have described
cross-sectional associations between Gl and C-reactive protein (13-16); however, this has
not been observed prospectively (17).

The objectives of this paper were (1) to determine the effects of diets that vary in
carbohydrate type and amount on intermediate-term markers of glycemia in an overweight
and obese population using glycated albumin and fructosamine, (2) to evaluate whether risk
factors associated with diabetes modify the association between diet and intermediate-term
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markers of glycemia, (3) to compare the cross-sectional association of these markers with
traditional diabetes risk factors, and (4) to assess whether changes in GI or amount of dietary
carbohydrate affect C-reactive protein. We hypothesize that reducing glycemic index and
reducing content of carbohydrate will each lower intermediate-term glycemia measured by
glycated albumin or fructosamine. Our secondary hypothesis is that lowering glycemic index
or content of carbohydrate would lower inflammation measured by C-reactive protein.

Research Design and Methods

The Effect of Amount and Type of Dietary Carbohydrates on Risk for Cardiovascular Heart
Disease and Diabetes Study (OmniCarb) was an investigator-initiated National Heart, Lung,
and Blood Institute-sponsored study, whose rationale and main results have been published
(3). OmniCarb was a randomized, controlled, crossover trial, comprising 4-dietary
intervention periods. Participants each consumed 4 distinct diets in random order. The 4
diets varied by Gl (=65 versus <45) and carbohydrate amount (40% vs. 58% kcal) as
follows: high carbohydrate and high Gl, high carbohydrate and low GI, low carbohydrate
and high GI, or low carbohydrate and low GI. A detailed description of the diets is in Table
1. Gl is a measure of the amount that blood glucose increases after a standardized amount of
carbohydrates (18). It is a relative scale based on the area under the glucose curve during a
2-hour period after eating a standardized amount of a food item (18). For example, using
white bread as a reference food, white rice and baked potatoes have a higher GI, while oat
bran bread and long-grain rice have a lower Gl (19). Currently, glucose content is the
reference.

Participant Recruitment

Trial participants were adult men and women, residing in and around Boston, MA, and
Baltimore, MD. Participants were aged 30 and older with systolic blood pressure (SBP) and
diastolic blood pressure (DBP) ranging from 120-159 and 80-99 mmHg, respectively.
Persons with a prior diagnosis of diabetes or cardiovascular disease and persons taking
medications for blood pressure, lipids, or diabetes were excluded from trial participation (3).
Institutional Review Boards at Johns Hopkins University, Brigham & Women’s Hospital,
and the Harvard School of Public Health approved the study protocol.

Controlled Feeding

Feeding by cohort began in August 2009 and was completed in September 2010.
Participants were randomly assigned to 1 of 8 dietary sequences of the 4 diets and received
100% of their meals from each study center (3). Each diet was designed to be healthful like
the DASH diet (1) using commonly available foods and was reduced in saturated fat,
cholesterol, and sodium, but rich in fruits, vegetables, fiber, potassium, and other minerals.
Both fiber and sodium content was constant across diets. Because many low Gl foods are
high in fiber and many high GI foods are low in fiber, we established similar fiber contents
across diets by including low-fiber, low-GI foods such as pasta and high-fiber high-GlI foods
such as instant oatmeal and bananas, and adding unprocessed wheat bran to 3 of the
breakfasts and 2-3 dinners.
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Study participants underwent an 8-day run-in phase during which each of the 4 study diets
was given for 2 days. Afterward, participants consumed each diet over a 5-week period
followed by a 2-week washout, during which they ate a self-selected diet. Calorie targets
were determined for each participant based on their body size, sex, and physical activity
level. Calorie intake was adjusted throughout the trial to keep weight within 2% of
participants’ baseline values. Participants were encouraged to maintain the same activity
levels and alcohol consumption throughout the study. Attendance at meals was recorded.
Participants were required to eat one principal meal on-site and were observed while eating.
Participants were sent home with the remaining two meals. Every day, participants
completed a diary in which they listed their consumption of protocol and non-protocol
foods. Overall, adherence was high; all study foods with no non-study foods were consumed
on 96% of person-days (3). Any alcohol consumption was reported on 11% of person-days.

Measurement of outcomes: fasting glucose, fasting insulin, glycated albumin,
fructosamine, and high sensitivity C-reactive protein

Fasting laboratory specimens were collected at baseline prior to randomization and at the
completion of each 5-week feeding period. The mean number of weeks between laboratory
measurements in consecutive diet periods was 7.6 (SD, 2.0). Glucose and insulin were
measured in serum after a brief storage period soon after specimen collection as part of the
original trial protocol (3). Additional plasma specimens were stored at —70°C. Glycated
albumin (Asahi Kasei Lucica GA-L; Asahi Kasei Pharma Corporation, Tokyo, Japan),
fructosamine, and high sensitivity C-reactive protein were measured in year 2012 using
stored plasma specimens with a Siemens Dimension Vista 1500 chemical analyzer (Siemens
Healthcare Diagnostics, Glasgow, DE, Germany). Glycated albumin was assessed via an
enzymatic method, involving oxidase and peroxidase reactions that yield a salt with a blue-
purple pigment, measured via spectroscopy. Fructosamine was measured with a colorimetric
assay to detect the rate at which ketoamines reduce nitrotetrazolium-blue (NBT) to formazan
in an alkaline solution. The rate of formation of formazan is directly proportional to the
concentration of fructosamine. The observed inter-assay coefficients of variation for
glycated albumin and fructosamine were 7.6% (glycated albumin, mean 13.7%) and 2.0%
(fructosamine, mean 309 pmol/L), while manufacturer reported performance is <3% and
2.9%, respectively. Glycated albumin was expressed as a percentage of total serum albumin
according to the manufacturer’s instructions: [(glycated albumin concentration in g/dL/
serum albumin concentration in g/dL)* 100/1.14] + 2.9. In a general population without
diabetes, glycated albumin ranges from 7.7 to 15.4%; while fructosamine ranges from 89 to
267 umol/L (8). High sensitivity C-reactive protein was also measured in stored plasma
using an assay of polystyrene particles coated with monoclonal antibodies specific to C-
reactive protein (20). The C-reactive protein assay’s coefficient of variation was 2.3% (mean
3.0 mg/L).

Other Covariate Measurements and Definitions

Body mass index (BMI) was calculated using baseline height and weight measurements and
categorized as overweight (25-29.9 kg/m?) or obese (= 30 kg/m?2). Waist circumference (cm)
was measured at the level of the umbilicus. The homeostasis model assessment index
(HOMA) was calculated as follows: HOMA = [(fasting serum insulin concentration in
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pU/mL) x (fasting serum glucose concentration in mg/dL)]/405 (21). HOMA was further
dichotomized based on the baseline median value of = 1.48 units. Ultracentrifugation was
used to prepare LDL for cholesterol measurements (3). HDL-cholesterol was measured by a
precipitation method using dextran sulfate 50,000 MW and magnesium chloride (3).
Cholesterol and triglycerides were measured by enzymatic assays. Triglycerides were
dichotomized using the baseline median value of 83.8 mg/dL. Hypertensive status (yes or
no) was determined by an average of 3 baseline blood pressure measurements for which
mean systolic blood pressure was >140 mmHg or mean diastolic blood pressure was >90
mmHg.

The main outcomes examined in this study were plasma glycated albumin and plasma
fructosamine. Serum fasting glucose and insulin were reported previously (3) but are
included here as relevant outcomes to the research question. C-reactive protein was
measured to examine the effects of the diets on inflammation. The primary comparison in
this study was the end-of-period concentrations of the primary outcomes by diet. There were
six pairs of dietary differences for each outcome: (i) high carbohydrate, high Gl vs. high
carbohydrate, low Gl; (ii) low carbohydrate, high Gl vs. low carbohydrate, low GI; (iii) high
carbohydrate, high Gl vs. low carbohydrate, high Gl; (iv) high carbohydrate, low Gl vs. low
carbohydrate, low Gl; (v) high carbohydrate, high Gl vs. low carbohydrate, low Gl; and (vi)
high carbohydrate, low Gl vs. low carbohydrate, high GI.

Although this 4-period crossover study could be analyzed as a factorial design, we
considered that GI may have a stronger effect in a diet with high than low carbohydrate
content and that carbohydrate amount may have a stronger effect when the Gl is high rather
than low. Therefore, a factorial analysis was considered inappropriate as described in the
trial’s protocol (3).

In addition, using the high GlI, high carbohydrate diet for comparison, we performed
stratified analyses by covariates known a priorito be associated with insulin resistance,
namely, race (non-Hispanic black versus white), baseline hypertensive status, baseline
triglycerides, baseline BMI, baseline HOMA, baseline fasting glucose (<100 mg/dL, =100
mg/dL), baseline glycated albumin (based on the population median <14.8%, >14.8%), and
baseline fructosamine (based on the population median <234.5 umol/L, >234.5 umol/L). All
of the above comparisons between strata were performed via generalized estimating
equation (GEE) regression models, using a Huber and White robust variance estimator (22),
which assumed an exchangeable working correlation matrix. P-values for each stratum were
generated using interaction terms.

Moreover, in the baseline period, when participants were eating their usual self-selected
diets, we evaluated the association between glycated albumin and fructosamine with BMI,
waist circumference, HDLc, LDLc, triglycerides, serum glucose, serum insulin, and HOMA
using Pearson’s coefficients and linear regression models adjusted for age, sex, and race.

All analyses were performed in Stata version 14.0 (Stata Corporation, College Station, TX,
USA). Statistical significance was defined as £< 0.05 without Bonferroni correction (23).

Arthritis Rheumatol. Author manuscript; available in PMC 2016 December 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Juraschek et al.

RESULTS

Page 6

We did not correct the alpha level because the new outcomes, glycated albumin and
fructosamine, measure the same metabolic process; fructosamine like glycated albumin is
formed during the glycation reaction with blood proteins.

During the laboratory process, it was discovered that 95 of 749 (13%) samples were slightly
hemolyzed and 17 (2%) were moderately hemolyzed based on visual inspection. Both slight
and moderate hemolysis were associated with significant decreases in glycated albumin
(-1.2 and —6.1%); P-values < 0.001) and significant increases in fructosamine (10.7 and 24.7
umol/L; P-values < 0.001). As a result, we excluded these samples from all glycated albumin
and fructosamine comparisons. We further excluded participants who did not have a blood
sample for glycated albumin or fructosamine in at least 2 visits (N = 3), the minimum
number of data points necessary for a comparison. Both hemolysis and other missing data
specimens were found to be evenly distributed between feeding periods and diets. A
sensitivity analysis excluding hemolyzed samples from glucose and insulin comparisons had
virtually no effect on our analysis (results not shown).

Baseline characteristics

Baseline characteristics of the randomized, study population are in Table 2. Overall the
mean age was 52.6 + 11.4 years; 52% of the participants were women and 50% were non-
Hispanic black race. Furthermore, 56% of the study population were obese and 26% had
hypertension.

Comparison of glycemic markers between diets

Reducing Gl had no effect on glycated albumin or fructosamine in the context of either high
or low carbohydrate intake (Figure 1). Reducing Gl increased fasting glucose in the context
of a low carbohydrate diet (low Gl/low carbohydrate vs. high Gl/low carbohydrate: +2.2
mg/dL, 95% CI: 0.4, 4.0; £=0.02), but not significantly in the context of a high
carbohydrate diet (+1.7 mg/dL, 95% CI: -0.5, 3.7; = 0.12). Reducing GI had no effect on
fasting insulin.

Reducing dietary carbohydrate in the setting of a high GI diet decreased glycated albumin
(-0.2%, 95% ClI: —0.4, -0.02; P=0.03), while reducing dietary carbohydrate in the setting
of a low Gl diet significantly decreased fructosamine (=3.9 pmol/L, 95% CI: -6.4, -1.3; P=
0.003). Reducing amount of dietary carbohydrate while simultaneously increasing Gl,
decreased both glycated albumin and fructosamine (glycated albumin -0.2%, 95% CI: -0.4,
-0.01; P=0.04; fructosamine —3.5 umol/L, 95% CI: -6.2, —0.8; £=0.01). The decreases in
glycated albumin and fructosamine from reducing dietary carbohydrates were attenuated
when Gl was simultaneously decreased. Reducing dietary carbohydrates did not affect
fasting glucose except when Gl was reduced simultaneously. Reducing dietary
carbohydrates had no effect on fasting insulin regardless of low Gl, high Gl, increase in Gl,
or decrease in GlI.
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Stratified analyses and other sensitivity analyses

The diets’ effects on glycated albumin and fructosamine by strata of factors associated with
diabetes are displayed in Supplement Tables S1 and S2. Ultimately, there was little if no
evidence of interactions by race, hypertension status, baseline triglycerides, BMI, HOMA,
baseline fasting glucose, baseline glycated albumin, or baseline fructosamine.

The baseline measures of glycated aloumin and fructosamine were correlated (7= 0.58)
(Supplement Table S2). Lower glycated albumin and fructosamine were associated with
lower BMI and waist circumference.

There was no effect from change in either GI or amount of dietary carbohydrate on high
sensitivity C-reactive protein (Supplement Figure S1).

CONCLUSIONS

In this trial of adults at risk for diabetes, we found that reducing Gl increased fasting
glucose, particularly in the setting of a low carbohydrate diet. However, these increases in
fasting glucose had little influence on markers of 2—-3 week glycemia, glycated albumin and
fructosamine, likely because of the opposite direction of effects conferred by reducing
postprandial glycemia from the reduced Gl diet. In contrast, reducing the amount of dietary
carbohydrate generally reduced glycated albumin and fructosamine, suggesting that reducing
dietary carbohydrate may represent a more effective strategy than reducing Gl for lowering
glycemia in overweight or obese adults.

In this ancillary study to the OmniCarb trial, we present the effects of type and amount of
carbohydrate on glycated albumin and fructosamine. Glycated albumin and fructosamine are
intermediate-term markers of glycemia that are highly associated with hemoglobin Alc (24)
and are elevated prior to the development of diabetes (6). They are formed by a
nonenzymatic glycation reaction in which glucose forms a covalent bond with intravascular
proteins, primarily albumin (4,5), and, as observed in this study, they are correlated with
each other (r=0.58). The half-life of these markers ranges between 17-21 days; thus
glycated albumin and fructosamine represent an average exposure to glucose concentrations
in the blood in the previous 2-3 weeks (4,5,25-27). There is growing evidence that these
intermediate-term markers of glycemia are more meaningful indicators of risk for diabetes,
cardiovascular disease, and mortality than single glucose measurements (7,8,24,28) by
representing the aggregate effects of both fasting glucose and postprandial glucose
excursions (29).

Gl is a measure of carbohydrate “quality,” based on the rate of glucose released into
circulation after consumption of a fixed amount of carbohydrates. It is typically determined
by comparing the area of the glucose curve following the consumption of 50 grams of a
carbohydrate food relative to a referent 50-gram food such as white bread or glucose (18).
Gl has been the target of nutrition policy advocates based on numerous observational studies
(30), showing that lower Gl is associated with lower risk of type 2 diabetes (31),
cardiovascular disease (32,33), and mortality (34). Mechanistic explanations for these
relationships have included the hypothesis that a high Gl diet increases late postprandial
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hepatic glucose, reflected in higher fasting glucose measures (35). In our study, we found the
contrary to be true, that is, low GI diets increased fasting glucose. We suspect that the
reduction in GI caused a compensatory increase in gluconeogenesis and a reduction in
insulin sensitivity in order to stabilize fasting glucose levels, protecting against night-time
and early morning hypoglycemia. This mitigated the expected increase in glycemia from
high postprandial glucose excursions during the high Gl diet. As a result, there was no effect
on glycated albumin or fructosamine. This is consistent with a number of trials, which found
no effect from Gl on fructosamine or other glycation products like hemoglobin Alc in
nondiabetic populations (36).

Like GI, the proportion of calories derived from carbohydrates has been associated with risk
of diabetes and cardiovascular disease in observational studies (31,37,38) and clinical trials
(39-41). Unlike GI, we found that reducing the amount of dietary carbohydrates was
associated with reductions in either glycated albumin (high Gl diets) or fructosamine (low
Gl diets). Interestingly, there were significant reductions in both glycated albumin and
fructosamine when Gl was increased while the amount of carbohydrates was decreased, but
not when GI was decreased as amount of carbohydrates was decreased. This likely reflects
the fact that decreasing Gl increased fasting glucose, which would oppose the effect of
reducing carbohydrates on glycated albumin and fructosamine. Overall, these results suggest
that dietary carbohydrate is more important than Gl as a dietary factor influencing aggregate
glycemic exposure. Whether these differences in the effect of dietary carbohydrate on
glycemia affect progression to diabetes or CVD should be a focus of subsequent research.

Prior studies have shown that a higher Gl diet is associated with higher levels of C-reactive
protein (13-16), a marker of inflammation associated with risk for diabetes or cardiovascular
disease (11,12). This has led to the hypothesis that inflammation may mediate the
association of GI with cardiovascular disease (9,10). In this ancillary study, we found no
effect from either GI or amount of carbohydrates on C-reactive protein levels. This suggests
that carbohydrates do not act via inflammation with regards to the pathogenesis of diabetes
or cardiovascular disease.

This study has several limitations. The feeding periods were too brief for the observation of
clinical events, making it necessary to examine surrogate markers as outcomes; however, we
consider the feeding periods sufficient to determine effects on the surrogate outcomes. Based
on our experience with prior feeding studies (1,2,42), effects of diet are observed soon after
the initiation of feeding with the majority of effects taking place within the first two weeks
(43). Thus, we are confident that even those with a short feeding period would still manifest
an effect from Gl if one existed. We reviewed the literature on duration for effects of GI, and
if anything find a diminution of effects on risk factors with duration, especially beyond 6
months (44). In a systematic review and meta-analysis that included 421 participants in 4
trials with at least 6 months duration, reducing GI had no effect on hemoglobin A1C (mean
difference —0.1%, P = 0.7) (45). Finally, 15% of the plasma specimens were hemolyzed and
subsequently excluded from our analyses of glycated albumin and fructosamine, which
reduced statistical power.
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With regards to strengths, our study was a randomized, controlled feeding study that
employed a crossover design to assess dietary effects on glucose homeostasis. Diets were
highly regulated and isocaloric with virtually no weight change over the course of the trial,
reducing the impact of weight on our outcomes. Furthermore, we utilized non-traditional
markers of glucose homeostasis that reflect intermediate-term glycemic exposure, permitting
more accurate assessments of diet-induced changes in 2—3 week glucose homeostasis.
Finally, our study population was quite diverse with 50% of participants being black, a
population at risk for pre-diabetes and diabetes.

In conclusion, we found that a lower Gl diet increases fasting glucose, while diets with a
lower amount of dietary carbohydrates reduce glycated albumin and fructosamine, markers
of 2-3 week glycemia. Together these findings suggest that a low carbohydrate diet most
effectively lowers glycemia in adults at risk for diabetes. Additional research is needed to
determine the long-term effects of these physiologic changes in glucose homeostasis on
clinical outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding Statement

Funding for this study was provided through grant HL084568 from the National Institutes of Health. The following
companies donated food: The Almond Board, International Tree Nut Council, Olivio Premium Products Inc, and
The Peanut Institute.

SPJ is supported by a NIH/NIDDK T32DK007732 Renal Disease Epidemiology Training Grant. Dr. Selvin is
supported by NIH/NIDDK grant K24DK106414.

The Asahi Kasei Corporation donated reagents for the glycated albumin assays.

Abbreviations used

OmniCarb The Effect of Amount and Type of Dietary Carbohydrates on Risk for
Cardiovascular Heart Disease and Diabetes Study

BMI body mass index
LDL low density lipoprotein
HDL high density lipoprotein

HOMA homeostatic model assessment

DASH Dietary Approaches to Stop Hypertension
GEE generalized estimating equation
Cl confidence interval

Arthritis Rheumatol. Author manuscript; available in PMC 2016 December 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Juraschek et al.

Page 10

References

1. Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks FM, et al. A clinical trial of the
effects of dietary patterns on blood pressure. DASH Collaborative Research Group. N Engl J Med.
1997 Apr 17; 336(16):1117-24. [PubMed: 9099655]

2. Appel LJ, Sacks FM, Carey VJ, Obarzanek E, Swain JF, Miller ER 3rd, et al. Effects of protein,
monounsaturated fat, and carbohydrate intake on blood pressure and serum lipids: results of the
OmniHeart randomized trial. JAMA. 2005 Nov 16; 294(19):2455-64. [PubMed: 16287956]

3. Sacks FM, Carey VJ, Anderson CAM, Miller ER, Copeland T, Charleston J, et al. Effects of high vs
low glycemic index of dietary carbohydrate on cardiovascular disease risk factors and insulin
sensitivity: the OmniCarb randomized clinical trial. JAMA. 2014 Dec 17; 312(23):2531-41.
[PubMed: 25514303]

4. Armbruster DA. Fructosamine: structure, analysis, and clinical usefulness. Clin Chem. 1987 Dec;
33(12):2153-63. [PubMed: 3319287]

5. Rondeau P, Bourdon E. The glycation of albumin: structural and functional impacts. Biochimie.
2011 Apr; 93(4):645-58. [PubMed: 21167901]

6. Juraschek SP, Steffes MW, Miller ER, Selvin E. Alternative Markers of Hyperglycemia and Risk of
Diabetes. Diabetes Care. 2012 Nov; 35(11):2265-70. [PubMed: 22875225]

7. Selvin E, Rawlings AM, Grams M, Klein R, Sharrett AR, Steffes M, et al. Fructosamine and
glycated albumin for risk stratification and prediction of incident diabetes and microvascular
complications: a prospective cohort analysis of the Atherosclerosis Risk in Communities (ARIC)
study. Lancet Diabetes Endocrinol. 2014 Apr; 2(4):279-88. [PubMed: 24703046]

8. Selvin E, Rawlings AM, Lutsey PL, Maruthur N, Pankow JS, Steffes M, et al. Fructosamine and
Glycated Albumin and the Risk of Cardiovascular Outcomes and Death. Circulation. 2015 Jul 28;
132(4):269-77. [PubMed: 26022911]

9. Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO, Criqui M, et al. Markers of
inflammation and cardiovascular disease: application to clinical and public health practice: A
statement for healthcare professionals from the Centers for Disease Control and Prevention and the
American Heart Association. Circulation. 2003 Jan 28; 107(3):499-511. [PubMed: 12551878]

10. Mirrahimi A, Chiavaroli L, Srichaikul K, Augustin LSA, Sievenpiper JL, Kendall CWC, et al. The

role of glycemic index and glycemic load in cardiovascular disease and its risk factors: a review of
the recent literature. Curr Atheroscler Rep. 2014 Jan.16(1):381. [PubMed: 24271882]

11. Lee CC, Adler Al, Sandhu MS, Sharp SJ, Forouhi NG, Erqou S, et al. Association of C-reactive
protein with type 2 diabetes: prospective analysis and meta-analysis. Diabetologia. 2009 Jun;
52(6):1040-7. [PubMed: 19326095]

12. Kaptoge S, Di Angelantonio E, Lowe G, Pepys MB, Thompson SG, et al. Emerging Risk Factors
Collaboration. C-reactive protein concentration and risk of coronary heart disease, stroke, and
mortality: an individual participant meta-analysis. Lancet. 2010 Jan 9; 375(9709):132-40.
[PubMed: 20031199]

13. Levitan EB, Cook NR, Stampfer MJ, Ridker PM, Rexrode KM, Buring JE, et al. Dietary glycemic
index, dietary glycemic load, blood lipids, and C-reactive protein. Metab Clin Exp. 2008 Mar;
57(3):437-43. [PubMed: 18249220]

14. Liu S, Manson JE, Buring JE, Stampfer MJ, Willett WC, Ridker PM. Relation between a diet with
a high glycemic load and plasma concentrations of high-sensitivity C-reactive protein in middle-
aged women. Am J Clin Nutr. 2002 Mar; 75(3):492-8. [PubMed: 11864854]

15. Qi L, van Dam RM, Liu S, Franz M, Mantzoros C, Hu FB. Whole-grain, bran, and cereal fiber
intakes and markers of systemic inflammation in diabetic women. Diabetes Care. 2006 Feb; 29(2):
207-11. [PubMed: 16443861]

16. Du H, van der ADL, van Bakel MME, van der Kallen CJH, Blaak EE, van Greevenbroek MMJ, et
al. Glycemic index and glycemic load in relation to food and nutrient intake and metabolic risk
factors in a Dutch population. Am J Clin Nutr. 2008 Mar; 87(3):655-61. [PubMed: 18326604]

17. van Woudenbergh, GJ.; Kuijsten, A.; Sijbrands, EJG.; Hofman, A.; Witteman, JCM.; Feskens,
EJM. Glycemic Index and Glycemic Load and Their Association with C-Reactive Protein and

Arthritis Rheumatol. Author manuscript; available in PMC 2016 December 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Juraschek et al.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Page 11

Incident Type 2 Diabetes. J Nutr Metab. 2011. Internet[cited 2015 Aug 27];2011. Available from:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3142706/

Jenkins DJ, Wolever TM, Taylor RH, Barker H, Fielden H, Baldwin JM, et al. Glycemic index of
foods: a physiological basis for carbohydrate exchange. Am J Clin Nutr. 1981 Mar; 34(3):362-6.
[PubMed: 6259925]

A Report of the Panel on Macronutrients, Subcommittees on Upper Reference Levels of Nutrients
and Interpretation and Uses of Dietary Reference Intakes, Standing Committee on the Scientific
Evaluation of Dietary Reference Intakes. Dietary Reference Intakes for Energy, Carbohydrate,
Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids (Macronutrients). Washington, DC:
The National Academies Press; 2005. 6 Dietary Carbohydrates: Sugars and Starches.

Kricka LJ. Human anti-animal antibody interferences in immunological assays. Clin Chem. 1999
Jul; 45(7):942-56. [PubMed: 10388468]

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis model
assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia. 1985 Jul; 28(7):412-9. [PubMed: 3899825]

White H. A heteroskedasticity-consistent covariance matrix estimator and a direct test for
heteroskedasticity. Econometrica. 1980; 48(4):817-38.

Perneger TV. Adjusting for multiple testing in studies is less important than other concerns. BMJ.
1999 May 8.318(7193):1288.

Juraschek SP, Steffes MW, Selvin E. Associations of alternative markers of glycemia with
hemoglobin A(1c) and fasting glucose. Clin Chem. 2012 Dec; 58(12):1648-55. [PubMed:
23019309]

Allgrove J, Cockrill BL. Fructosamine or glycated haemoglobin as a measure of diabetic control?
Arch Dis Child. 1988 Apr; 63(4):418-22.

Jones IR, Owens DR, Williams S, Ryder RE, Birtwell AJ, Jones MK, et al. Glycosylated serum
albumin: an intermediate index of diabetic control. Diabetes Care. 1983 Oct; 6(5):501-3.
[PubMed: 6336346]

Howey JE, Bennet WM, Browning MC, Jung RT, Fraser CG. Clinical utility of assays of
glycosylated haemoglobin and serum fructosamine compared: use of data on biological variation.
Diabet Med. 1989 Dec; 6(9):793-6. [PubMed: 2533039]

Selvin E, Steffes MW, Zhu H, Matsushita K, Wagenknecht L, Pankow J, et al. Glycated
hemoglobin, diabetes, and cardiovascular risk in nondiabetic adults. N Engl J Med. 2010 Mar 4;
362(9):800-11. [PubMed: 20200384]

Parrinello CM, Selvin E. Beyond HbA1c and glucose: the role of nontraditional glycemic markers
in diabetes diagnosis, prognosis, and management. Curr Diab Rep. 2014; 14(11):548. [PubMed:
25249070]

Barclay AW, Petocz P, McMillan-Price J, Flood VM, Prvan T, Mitchell P, et al. Glycemic index,
glycemic load, and chronic disease risk--a meta-analysis of observational studies. Am J Clin Nutr.
2008 Mar; 87(3):627-37. [PubMed: 18326601]

Salmerén J, Ascherio A, Rimm EB, Colditz GA, Spiegelman D, Jenkins DJ, et al. Dietary fiber,
glycemic load, and risk of NIDDM in men. Diabetes Care. 1997 Apr; 20(4):545-50. [PubMed:
9096978]

Oh K, Hu FB, Cho E, Rexrode KM, Stampfer MJ, Manson JE, et al. Carbohydrate intake, glycemic
index, glycemic load, and dietary fiber in relation to risk of stroke in women. Am J Epidemiol.
2005 Jan 15; 161(2):161-9. [PubMed: 15632266]

Sieri S, Krogh V, Berrino F, Evangelista A, Agnoli C, Brighenti F, et al. Dietary glycemic load and
index and risk of coronary heart disease in a large italian cohort: the EPICOR study. Arch Intern
Med. 2010 Apr 12; 170(7):640-7. [PubMed: 20386010]

Burger KNJ, Beulens JWJ, van der Schouw YT, Sluijs I, Spijkerman AMW, Sluik D, et al. Dietary
fiber, carbohydrate quality and quantity, and mortality risk of individuals with diabetes mellitus.
PL0S ONE. 2012; 7(8):e43127. [PubMed: 22927948]

Ludwig DS. The glycemic index: physiological mechanisms relating to obesity, diabetes, and
cardiovascular disease. JAMA. 2002 May 8; 287(18):2414-23. [PubMed: 11988062]

Arthritis Rheumatol. Author manuscript; available in PMC 2016 December 06.


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3142706/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Juraschek et al.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 12

Opperman AM, Venter CS, Oosthuizen W, Thompson RL, Vorster HH. Meta-analysis of the health
effects of using the glycaemic index in meal-planning. Br J Nutr. 2004 Sep; 92(3):367-81.
[PubMed: 15469640]

Liu S, Willett WC, Stampfer MJ, Hu FB, Franz M, Sampson L, et al. A prospective study of
dietary glycemic load, carbohydrate intake, and risk of coronary heart disease in US women. Am J
Clin Nutr. 2000 Jun; 71(6):1455-61. [PubMed: 10837285]

Halton TL, Willett WC, Liu S, Manson JE, Albert CM, Rexrode K, et al. Low-carbohydrate-diet
score and the risk of coronary heart disease in women. N Engl J Med. 2006 Nov 9; 355(19):1991-
2002. [PubMed: 17093250]

Samaha FF, Igbal N, Seshadri P, Chicano KL, Daily DA, McGrory J, et al. A low-carbohydrate as
compared with a low-fat diet in severe obesity. N Engl J Med. 2003 May 22; 348(21):2074-81.
[PubMed: 12761364]

Esposito K, Maiorino MI, Ciotola M, Di Palo C, Scognamiglio P, Gicchino M, et al. Effects of a
Mediterranean-style diet on the need for antihyperglycemic drug therapy in patients with newly
diagnosed type 2 diabetes: a randomized trial. Ann Intern Med. 2009 Sep 1; 151(5):306-14.
[PubMed: 19721018]

Nordmann AJ, Nordmann A, Briel M, Keller U, Yancy WSJ, Brehm BJ, et al. Effects of low-
carbohydrate vs low-fat diets on weight loss and cardiovascular risk factors: a meta-analysis of
randomized controlled trials. Arch Intern Med. 2006 Feb 13; 166(3):285-93. [PubMed: 16476868]

Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray GA, Harsha D, et al. Effects on blood
pressure of reduced dietary sodium and the Dietary Approaches to Stop Hypertension (DASH)
diet. DASH-Sodium Collaborative Research Group. N Engl J Med. 2001 Jan 4; 344(1):3-10.
[PubMed: 11136953]

Conlin PR, Chow D, Miller ER, Svetkey LP, Lin PH, Harsha DW, et al. The effect of dietary
patterns on blood pressure control in hypertensive patients: results from the Dietary Approaches to
Stop Hypertension (DASH) trial. Am J Hypertens. 2000 Sep; 13(9):949-55. [PubMed: 10981543]
Goff LM, Cowland DE, Hooper L, Frost GS. Low glycaemic index diets and blood lipids: a
systematic review and meta-analysis of randomised controlled trials. Nutr Metab Cardiovasc Dis.
2013 Jan; 23(1):1-10. [PubMed: 22841185]

Schwingshackl L, Hoffmann G. Long-term effects of low glycemic index/load vs. high glycemic
index/load diets on parameters of obesity and obesity-associated risks: a systematic review and
meta-analysis. Nutr Metab Cardiovasc Dis. 2013 Aug; 23(8):699-706. [PubMed: 23786819]

Arthritis Rheumatol. Author manuscript; available in PMC 2016 December 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Juraschek et al.

Page 13

A. Fasting Glucose B. Fasting Insulin
N Difference, 95% CI 3 N Difference, 95% I »

Reducing glycemic index

In a low carbohydrate diet 145 2.19(0.39, 3.98) e — 0.02 145 0.36(-0.63,1.36) D 047

In a high carbohycrate diet 15 165 (045, 3.74) = o012 145 095(:0.03,193) ———o0s
Reducing carbohydrate & increasing protein and fat

In a low glycemic index diet 139 1.00 (-0.88, 2.88) ————————— 0.30 139 -0.43(-157,0.71) ] 0.46

In a high glycemic index diet 134 0.46 (-1.47,2.38) —— 064 134 0.15(-0.63,0.94) e ] 0.70
Combined effects

Reducing both glycemic index & carbohydrates 136 264 (0.60, 4.69) —— 001 136 0.52(-0.40,143) — . 027

Increasing glycemic index & reducing carbohydrates 137 1.19 (-3.05, 0.67) ——t—t 0.21 137 079 (-1.81,022) =ttt 013

3 2 o H 2 2 o T
Glucose (mg/dL) Insulin (uU/mL)
C. Glycated Albumin D. Fructosamine
N Difference, 95% CI P N Difference, 95% CI P

Reducing glycemic index

In a low carbohydrate diet 17 0.08 (-0.07, 0.24) —_— 0.29 17 -0.33(-2.89,2.23) e 0.80

In a high car -0.03(-0.19,0.13) AT 073 117 242(-0.79,5.63) ——_—
Reducing cal

In a low glycer 12 -0.10 (-0.25, 0.06) —_—— 0.23 12 -3.86 (-6.39,-1.33) S u— 0.003

In a high glycemic index diet 106 -0.21(-0.40,:0.02) ——————— 0.03 106 -111(-452,230) —— 052
Combined effects

Reducing both glycemic index & carbohydrates 110 013 (-031,006) |, 018 110 144 (458,169) PR 037

Increasing glycemic index & reducing carbohydrates 108 -0.18 (-0.36,0.01) | 0.04 108 -3.53(-6.23,0.82) P—— 0.01

5 — T 5
GA®%) Fructosamine (umoilL)

Figure 1.
(A) Fasting serum glucose (mg/dL), (B) fasting serum insulin (uU/mL), (C) plasma glycated

albumin (%), and (D) plasma fructosamine (umol/L) measured at the end of each feeding
period: between diet comparisons, mean and 95% confidence intervals. The feeding periods
are grouped by glycemic index comparisons (low versus high glycemic index), carbohydrate
proportion (low versus high proportion), and changes in both glycemic index and amount of
carbohydrates, i.e. reductions in both or an increase in glycemic index while decreasing
amount of carbohydrate. Hemolyzed samples comprising 15% of the total were removed
from the glycated albumin and fructosamine comparisons.
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Baseline characteristics of trial participants (N = 163), mean (SD) or No. (%)

Age,y
Women, %
Race, %
Non-Hispanic White
Non-Hispanic Black
Hispanic
Asian
Body mass index, kg/m?2
Body mass index, %
25-29.9
230
Waist circumference, cm
Homeostasis model assessment (HOMA), units
Triglycerides, mg/dL
HDL cholesterol, mg/dL
LDL cholesterol, mg/dL
Systolic blood pressure, mm Hg

Diastolic blood pressure, mm Hg
Baseline hypertensive status ™, %

Non-hypertensive

Hypertensive

52.6 (11.4)
85 (52)

66 (40)
82 (50)
11(7)
4(2)
32.3 (5.5)

71 (44)
92 (56)
104.4 (13.5)
1.9 (1.6)
104.6 (67.1)
58.3 (16.0)
153.0 (42.1)
132.0 (9.1)
80.0 (7.5)

120 (74)
43 (26)

*
Defined as baseline SBP=140 or DBP=90 mmHg
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