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Abstract

In major food-questionnaires the consumption of refined products (sugars and/or cereals) and whole grains are computed
as total carbohydrate (CHO). Therefore, CHO to fiber ratio would be a correcting tool offering an indirect way to discrimi-
nate the actual risk of a high glycemic meal. This study aimed first to identify the CHO to fiber ratio in free-living adults
and, secondly verify its relationship with the presence of either Metabolic Syndrome (MetS) and/or insulin resistance.
Cross sectional study with 600 subjects (54.6 = 11yrs) enrolled from an ongoing dynamic cohort study. Diet quality (Health
Eating Index-HEI) and food intake were correlated with gender, age, anthropometry, plasma biochemistry, blood pressure
and presence of MetS (ATP III-NCEP) and insulin resistance (HOMA-IR). Data on CHO to Fiber ratio were divided into
quartiles. CHO to Fiber ratio showed a significant positive association with the daily servings of sugar and cereals, and a
negative association with servings of legumes and HEL When adjusted by age, gender, BMI and kcal/day, the lower quartile
(Q1) of CHO to fiber ratio was discriminated by the fewer servings of sugar, higher servings of legumes and higher HEIL
score. Moreover, Q1 showed lower HOMA-IR than any other quartiles; however, without any significant relationship with
the presence of MetS and neither with its components. Dietary CHO to fiber ratio associates strongly with insulin resistance
(HOMA-IR) but weakly with altered glycemia. Thus, CHO to fiber ratio may be a useful, single, handful and costless dietary
tool for diagnosing poor quality CHO-diets and insulin resistance risks.
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Introduction response, the glycemic index has been proposed, which consists
on measurement of the relative impact of carbohydrate foods on

Western habits characterized by sedentary behavior accompanied plasma glucose concentrations [0, 7.
imbalanced diet, are related to the development of metabolic dis-
orders, such as abdominal obesity, metabolic syndrome (MetS),
insulin resistance, and type 2 diabetes mellitus [1]. Poor eating
habits, exemplified as a high carbohydrate intake, are closely re-

lated to the quantity and quality of carbohydrate consumption,

The American Diabetes Association (ADA) considers glycemic
index as useful tool on dietary treatment, but this index is influ-
enced by factors such as free-living conditions, food synergism,
timing and amount of carbohydrate intake, which might lead to

reflected by glycemic response and insulin action [2-4].

Insulin resistance is a glucose homeostasis disorder directly influ-
enced by refined sugar and carbohydrate (CHO) intake [5]. Yet,
in the same category of CHO are the dietary fiber and its sources

misinterpretations [8]. The European Association of Diabetes
Study (EASD) recommends that the food source should be based
on the carbohydrate quality, preferably with high fiber content
providing lower glycemic index with beneficial impact on glyce-
mic metabolism [9, 10]. Thereby, the CHO to Fiber ratio would

that represent a better CHO quality. As a strategy to assess this provide an indirect index to assess the refined sugar consumption.
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This study aimed first to identify the CHO to fiber ratio in free-
living adults and, secondly verify its relationship with the presence
of either Metabolic Syndrome (MetS) and/or insulin resistance
(HOMA-IR).

Methods
Sampling

In a cross-sectional study, data from 600 individuals (79.3% fe-
male), 54.6 * 10.8 years old, participants of an ongoing dynamic
cohort study “Move for Health” (Programa Mexa-se Pré-Saide)
were retrospectively collected (2007-2014). “Move for Health”
is a program that promotes healthy lifestyle with nutrition coun-
selling and supervised physical exercise as primary care for indi-
viduals with non-communicable chronic diseases and has been
described elsewhere [11]. This study was conducted in accordance
with the Declaration of Helsinki (1964). Subjects gave their writ-
ten consent to participate in the study, which was approved by the
Medical Ethics Committee of Sao Paulo State University — Medi-
cal School, Botucatu/SP.

Assessments

Clinical assessments involved physical examination, clinical anam-
nesis, and blood pressure were performed. Blood pressure was
measured with a digital sphygmomanometer (OMRON model
HEM-413C) according to standard procedures [12]. Blood sam-
ples were collected by vacuum venous puncture, after a 10 to 12
hour fasting period, and centrifuged to obtain serum and plasma
samples which were stored at -80°C until the end of the study.
Serum glucose was assayed by dry-chemistry (Vitros System
5600®, Ortho Clinical Diagnostics, Johnson & Johnson Company,
Raritan, NJ, USA). Laboratory analysis of total cholesterol, high-
density lipoprotein cholesterol (HDL-c) and triglycerides were
performed within 4 hours after blood collection by dry chemis-
try method (Vitros® 5600, Ortho Clinical Diagnostics, Johnson
& Johnson Company, Raritan, NJ, USA). Serum concentrations
of insulin were quantified by a chemiluminescent method (Im-
mulite 2000®, Siemens Healthcare Diagnostics, Marburg, Germa-
ny). Insulin resistance was estimated through homeostatic model
assessment-insulin resistance (HOMA- IR) [13]. Body Mass In-
dex (BMI) and waist circumference were evaluated according to
the World Health Organization [15]. Body fat percentage (BF%)
was assessed by a bioelectrical impedance device (Biodynamics®,
model 450, USA). Metabolic Syndrome diagnosis followed the
NCEP-ATPIII criteria [14].

Dietary intake data was assessed using a single 24-hour dietary re-
call. Dietary intake was documented by a certified dietitian; and to
obtain precise information, the subjects were asked if that was a
typical day of intake from them, how often they usually ate during
the day, what variety of food was consumed, how the food was
prepared, what the serving size was, and what the brand of the
food/meal was. Total calotic intake was computed using the Bra-
zilian food tables [10, 17]. The Healthy Eating Index (HEI) modi-
fied for the Brazilian population was used to assess the quality of
the participants diet [18]. Eight food groups and 12 components
to measure the variety and quality of food intake were evaluated.
The daily amounts of ingested CHO and fibers were used for the
CHO to fiber ratio calculation.
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Statistical analyses were performed by SAS, version 9.2. The data
were described as mean and standard deviation. CHO to fiber
ratio was divided in quartiles: Q1 <9.75 (23.7 £ 10.8g/d fibers);
Q2=9.75-13.05 (17.9 £ 8.2¢g/d fibers); Q3=13.05-18.97(13.1 £
6.0g/d fibers) and Q4 >18.97(8.3 £ 3.8¢/d fibers). ANOVA one
way, Tukey's post hoc and Linear multiple regression were applied
to analyze the influence of co-variables on CHO to fiber distri-
bution. Sample normality was tested by means of the Shapiro-
Wilk test. For comparison of groups the ANOVA one way with
repeated measure mode was used for normal distribution. For
non-normal distribution the same model was fitted with a gamma
distribution. The CHO to fiber ratio association with co-variables
was done cither unadjusted or adjusted for sex age, BMI and To-
tal Energy Intake (TEI). The results were discussed based on the
level of significance of p<0.05.

Results

The study population was predominantly women (79.3%), and
overweight (83.7%). One fourth (24,5%) of individuals presented
MetS. The most prevalent MetS component was waist circumfer-
ence (71.2%) followed by hypertriglyceridemia (30.3%), and al-
tered glycemia (13.3%). The male subjects presented significantly
higher waist circumference, glycemia, triglyceridemia and lower
levels of HDL-c than women (Table 1).

The presence of MetS followed the values of CHO to fiber ratio
with 48%, 58.3%, 33.3% and 64.3% from Q1 to Q4, however
lacking of statistical significance. Similarly, there was no signifi-
cant relationship of Q1 with the physical activity or VO2max and
neither with the presence of metabolic syndrome or any of its
components (Table 2).

Individuals that consumed CHO to fiber ratio <10:1 (lowest
quartile) had significantly lower values of % body fat, intake of
sugar, carbohydrate (g and g/kg), total energy intake (kcal/day)
and better quality diet (HEI), when compared with individuals in
the highest quartile. As expected, individuals in the lower quartile
of fiber intake had higher CHO to fiber ratio (Table 2), and lower
values of HOMA-IR (Table 3). When adjusted by age, gender,
BMI and TEI (kcal/day), Q1 was discriminated by the fewer serv-
ings of sugar, higher servings of legumes, and higher HEI score
(Table 2). Additionally, the lower quartile of CHO to fiber ratio
was significantly associated with lower HOMA-IR, even after ad-
justments (Table 3).

There was a positive correlation between CHO to fiber ratio with
daily servings of cereals, sugar, and total energy intake. It was
noted a negative correlation between CHO to fiber ratio with
fiber intake, servings of legumes and HEI (Table 4). Multiple re-
gression analysis indicated positive influence of daily servings of
sugar and cereal, and negative influence of servings of legumes
and HEI on the CHO to fiber ratio (Table 5).

Discussion

As seen worldwide in lifestyle modification programs mostly of

the spontaneously demanded participants were female, and con-
sidering physical exercises as keystone of that intervention proto-
col, the fitness status (which also means less aged) at baseline was
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Table 1. Characteristics of study population.
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MEN (n=121) | WOMEN (n=479)
Age (years old) 54.8+10.5 54.7%11.1
Overweight (kg/m?) 27.41+1.28 27.9%+1.9
Obese(kg/m?) 26.715.9 30.6%4.2
Waist Circumference(cm) 105.6+16.1 95.5+£13.6*
Systolic Blood Pressure(mmHg) 127£16 126.3+17.8
Diastolic Blood Pressure (mmHg) 79.949.3 79.7£10.4
Glycemia(mg/dL) 104£33.2 99.7£31.2*
Triglycerides(mg/dL) 195.3%£121.9 145.5£65.3*
HDL-Cholesterol(mg/dL) 40.9£10.2 50.8+12%
*p<0.05

Table 2. Distribution of anthropometric, dietary, cardiorespiratory fitness and physical activity variables in the Carbohydrate/ Fiber ratio
quartilhes (n+-Sd).

CHO/FIBER(g/d)
P25(150) P25-50(150) P50-75(150) P75(150)
(£9.75/1) (>9.75<13.05/1) | (>13.05<18.97/1) (218.97/1)
Age(years) 57+10 54.8+9.7 54.6£12.6 53.3%11
Body Weight(kg)
Model 1 79.7£17.7a 77.9118.5a 78.7£20.3a 79.2116.3a
Model 2 83.1%+ 8.89a 83.319.1a 83.419.1a 82.519.21a
BMI(kg/m?)
Model 1 30.95%6.1a 30.18%6.1a 30.42+6.3a 30.7£5.3a
Model 2 31.23%6,2a 30.4%6.3a 30.6+6.3a 30.7%6.3a
Body Fat (%)
Model 1 35.319.5a 36.3 £10.2a 36.219.65a 36.2%9.75a
Model 2 33.9%6.8a 35.3%7.4a 35.6%7.2b 35.7£7.3b
Cereals (servings)
Model 1 2.77£1.6a 3.5+1.9b 3.9+1.9b 3.77£1.94b
Model 2 2.9%1.8a 3.3£1.9b 3.5+2.0b 3.4+1.9b
Carbohydrate (g/kg)
Model 1 2.2311.0a 2.67£1.2b 2.7£0.1b 2.78%1.2b
Model 2 2.2£0.6a 2.2£0.6a 2.2%+0.6a 2.3%0.6b
Sugar (servings)
Model 1 0.6610.81a 1.25%+ 1.12b 1.5+1.25¢ 2.5411.6d
Model 2 0.66% 0.8a 1.02+1.0a 1.23%+1.1b 1.924+1.5¢
Fibers(grams)
Model 1 23.7£10.8a 17.9£8.2b 13.1£6.0c 8.2613.8d
Model 2 228+ 7.9a 16.1£6.0b 12.244.3¢c 7.9+ 2.8d
HEI (points)
Model 1 78.7114.3a 79.4%15.1a 75.6+14.3a 68.6%15.2b
Model 2 78.9%15.6a 78.9%15.9a 74.8+16.0a 67.7£16.2b
Total Energy Intake (kcal)
Model 1 1351.31548.4a | 1543.22626.1b 1572.3% 637.6b 1663.9£675.1b
Model 2 1440.9£581.9a | 1672.22690.3b 1675.0£687.1b 1773.0£721.6b
Carbohydrate (grams)
Model 1 172.5£73.52 201.6%85.9b 205.8£87.7b 213.1+90.8b
Model 2 176.1% 53.2a 184.5219.5b 182.3% 48.3¢ 185.9148.6d
Physical Activity(min/week)
Model 1 5591560a 591%+662a 495160062 5991663a
Model 2 5991589a 607+ 604a 5491552a 61616272
VO2max(ml/kg/min)
Model 1 29.6£6.93a 29.7%6.1a 29.9%5.77a 28.6%5.7a
Model 2 31.2%8.4a 30.8%7.8a 30.9%7.6a 29.717.8a

Modell: unadjusted; Model2

: adjusted for sex, age, BMI and TEI

BMI: Body Mass Index; HEIL: Health Energy Intake; TEI: Total Energy Intake; VO2max: Cardiorespiratory Fitness

p<0.05.
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Table 3. Distribution of metabolic syndrome frequency and its components among the Carbohydrate/ Fiber ratio

Table 4. Significant Correlationships found between Carbohydrate/Fiber ratio and dietaty components.
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quartiles.
CHO/FIBER (g/d)

P25(150) P25-50(150) P50-75(150) P75(150)

(£9.75/1) | (>9.75513.05/1) | (>13.05<18.97/1) | (218.97/1)
WC(cm)
Model 1 99.0+15.8a 97.0£13.9a 97.5%14.6a 97.6+12.6a
Model 2 100.4%6.7a 100.5%6.9a 100.7£7.0a 100.2% 7.0a

SBP(mm/Hg)
Model 1 127.4%£17.1a 125.9% 17.7a 126.9£19.1a 125.2£16.0a
Model 2 126.5£19.1a 126.3£19.6a 126.9£19.1a 125.5£19.7a
DBP (mm/Hg)
Model 1 78.7114.26a 79.37+15.1a 80.2+10.9a 80.0718.6a
Model 2 78.7+11.8a 79.6+12.05a 80.2+11.75a 79.8+12.1a
Glycemia (mg/dL)
Model 1 101+25.8a 103.3126.6a 95.8+23.8a 101.5£25.6a
Model 2 100.8% 26.9a 104.1% 28.9a 96.2 £ 26a 102.2% 28.5a
HDL-C(mg/dL)
Model 1 48.0+11.5a 48.2+12.7a 49.07+12.4a 49.8+12.6a
Model 2 45.4+12.7a 45.1+13.1a 46.01£12.9a 46.9+13.1a
Triglycetides(mg/dL)
Model 1 161.5% 77.1a 159.1% 75.7a 146.9+68.9a 153.1% 72.6a
Model 2 169.6+ 82.8a 169.5+85.4a 154.3+76.6a 161.1+£8.9a
HOMA-IR

Model 1 3.12+3.49a 2.55%+ 2.87a 2.45+2.57a 3.24% 4.06a
Model 2 4.61% 5.45a 4.07x5.17a 3.34%+3.45b 7.10£9.23¢
MetS (%)
Model 1 48 58.3 33.3 64.3

Model 1: unadjusted; Model2: Adjusted for sex, age, BMI and TEI

SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; HOMA-IR: Insulin Resistance
Plasma Glucose and insulin (with HOMA-IR calculation), HDL-C: High Density Lipoprotein;
MetS: Metabolic Syndorme. p<0.05

r p
Cereal (serving) 0.11 0.004
Sugar (serving) 0.34 | <0.001
Fiber (grams) -0.49 | <0.001
HEI (points) -0.27 | <0.001
Total Energy Intake (kcal) 0.12 | 0.002
Legumes(serving) -0.09 0.01
Carbohydrate (grams) 0.13 | 0.001

r = correlationship value; P values.

probably mandatory. Moreover, 24.5% of the studied individuals
presented MetS. Since the beginning of this century our data has
showed MetS varying from 32.5%(< 40 yrs old) to 53.8%(>70
yrs), always with waist circumference as the most prevalent altered

component [19].

Previous data from the same community showed a dietary behav-

ior characterized by a low fiber intake, by means of all its sources.
The dietary fiber intake was 7.2 * 2.5 g/d in the lower quartile,
14.1 + 2.0 g/d in the middle quartile, and 25.7 + 8.8 g/d in the
higher quartile without distinction between gender or age, neither

among education, income, health self-perception and physical ac-

tivity status. Interestingly, there were no differences of obesity

and metabolic syndrome prevalence’s among the quartiles of di-
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Table 5. Multiple regression analysis stepwise on dietary variables that influence the Carbohydrate/Fiber.

Carbohydrate /Fiber
VARIABLES B r?
Sugar(serving) 45 1.74%
Cereal(serving) 9.25 0.62*
Legumes(serving) 14 -0.79
HEI(points) 18.9 -0.22
*p<0.05

etary fiber intake. This fact would be attributed to their persistent
monotonous diet, rich in calories but poor in quality and dietary
fiber of all sources. The reason for that behavior surpassed age,
gender, literacy and economic reasons, therefore might be cul-
tural, what would make the solution even more difficult [20].

The best values of CHO to fiber ratio found in our study are
described as related to better eating habits which consisted of
increased vegetables and fiber consumption. The increased intake
of fruits, vegetables, and whole grain contribute to higher fiber
intake, leading to a lower overall caloric intake, greater weight loss
and improved diet quality [21].

Moreover, the present study showed that individuals with lower
CHO to fiber ratio presented lower values of HOMA-IR, % body
fat, total energy intake, and therefore body composition compat-
ible with individuals with optimum energy intake. Furthermore,
higher fiber intake was associated with better insulin sensitivity
markers.

It has been shown that HOMA-IR correlates inversely with con-
sumption of fruits and dietary fiber. Also, it correlates with VO2
max and variables considered independent predictors of HOMA-
IR such as waist circumference, fat intake, MetS, low fiber intake,
low muscle mass and high plasmatic concentrations of uric acid
[22].

On the other hand, individuals who had higher values of CHO to
fiber ratio (Q4) showed higher energy intake and higher percent-
age of fat. The total caloric intake was positively correlated with
carbohydrate consumption, represented by increased of sugar
and cereal intake. These food sources would probably present
negative effects on satiety due of being rapidly digested and ab-
sorbed by gastrointestinal tract [12, 23, 24].

Higher values of HOMA-IR are positively associated with con-
sumption of refined grains and low consumption of fruit [22].
Therefore, the control of glucose and insulin responses by a rec-
ommended pattern of food may be beneficial for the prevention
and treatment of insulin resistance. However, besides strongly as-
sociated with dietary markers and insulin resistance (HOMA-IR),
the CHO to fiber ratio seems to be a weak predictor of altered
glycemia and MetS.

Insulin sensitivity and plasma glucose concentrations are influ-
enced by factors such as free-living conditions of physical activity
and aerobic fitness, as well as food synergism, timing and amount
of carbohydrate intake. In the present data we could exclude any
existing relationship of either physical activity or aerobic fitness

(VO2max) with CHO to fiber ratio quartiles.

Thus, CHO to fiber ratio may be considered an additional dietary
tool suitable for diagnosing poor quality CHO-diets associated
with insulin resistance, but not with MetS and its components.
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