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Abstract

Aims—To investigate if consumption of pulses was associated with a reduced risk of developing
abnormal glucose metabolism, increases in body weight and increases in waist circumference in a
multi-ethnic cohort in Mauritius.

Methods—~Population-based surveys were performed in Mauritius in 1992 and in 1998. Pulse
consumption was estimated from a food frequency questionnaire in 1992 and outcomes were
measured in 1998. At both time points, anthropometry was undertaken and an oral glucose
tolerance test was performed.

Results—Mauritian women with the highest consumption of pulses (highest tertile) had a
reduced risk of developing abnormal glucose metabolism [odds ratio 0.52; 95% CI 0.27, 0.99)
compared with those with the lowest consumption, and also after multivariable adjustments. In
women, a high consumption of pulses was associated with a smaller increase in BMI.

Conclusions—High consumption of pulses was associated with a reduced risk of abnormal
glucose metabolism and a smaller increase in BMI in Mauritian women. Promotion of pulse
consumption could be an important dietary intervention for the prevention of Type 2 diabetes and
obesity in Mauritius and should be examined in other populations and in clinical trials.

Introduction

Mauritius is an economically developing country in the Indian ocean with a multi-ethnic
population comprising mainly people of South-Asian or African origin. The prevalence of
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diabetes in Mauritius increased by 62% between 1987 and 2009, when 24% of Mauritian
adults had diabetes [1,2]. Westernization of lifestyles, including dietary westernization
(more energy-dense diets) and sedentary behaviour, accelerated in the 1980s and 1990s in
Mauritius, starting among the more wealthy, the young and among men [3].

Pulses, such as lentils, chickpeas, beans and peas, have a high nutritional value [4].
Components of pulses have been shown to beneficially alter energy expenditure, substrate
trafficking and fat oxidation as well as adipose deposition [5]. Bioactive components in
pulses may induce satiety, both by prolonged gastric emptying and effects on hormones [6],
and may also beneficially affect blood glucose and insulin responses [7].

Consumption of beans was associated with lower body weight and smaller waist
circumference in the cross-sectional American National Health and Nutrition Examination
Survey among more than 8000 adults [8]. Prospective studies examining the consumption of
pulses and risk of diabetes are scarce. In the prospective Shanghai Women's Health Study, a
high consumption of pulses was associated with a decreased risk of Type 2 diabetes [9].
Some studies have examined the associations between soy consumption and risk of Type 2
diabetes, with inconsistent results [10,11]. A large population-based cross-sectional study
from India found an inverse association between daily consumption of pulses and Type 2
diabetes in women and a nonsignificant inverse association in men [12,13].

The objective of the present study was to investigate whether consumption of pulses was
associated with a reduction in risk of developing abnormal glucose metabolism (defined as
Type 2 diabetes, impaired glucose tolerance or impaired fasting glucose), as well as
increases in BMI and waist circumference, in a well characterized cohort of men and women
in Mauritius.

Subjects and Methods

The population in Mauritius is 68% South-Asian, 27% African, 3% Chinese and 2% Franco-
Mauritian in origin [14]. As part of a series of population-based longitudinal risk factor
surveys [2,15], a sub-sample of the 1992 sample completed a dietary survey. Follow-up was
conducted in 1998.

In 1992, 2059 people aged 30-64 years were randomly chosen (stratified for age, sex and
ethnicity) from the risk factor survey (n=6616) to answer a 44-item food frequency
questionnaire, which included pictures to estimate portion size of the food items. Of these
people, 1956 participated in the dietary survey (95% of those invited). They also participated
in a 24-h dietary recall interview, which enabled energy intake to be estimated.

To exclude the most evident under- and over-reporters, people with energy intake outside
the ranges of 500-3500 kcal for women and 800—4000 kcal for men in 1992 were excluded
from further analysis (n=33) [16]. People of Chinese origin were excluded because of their
small number (n=3).

A total of 1421 individuals (650 men and 771 women) had reliable dietary data at baseline
in 1992 and any outcome data (glucose tolerance status, BMI or waist circumference) at
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follow-up in 1998. Comparisons between those with dietary data who came back for the
follow-up survey (responders) and those who did not (non-responders, excluding those who
had died) showed that responders had a higher educational level, were less likely to be
smokers, had a higher prevalence of family history of diabetes and a higher BMI at baseline.
Of those participating in the dietary survey in 1992 with dietary data, and any outcome data
from the follow-up, 62 individuals had missing data and could not be classified for glucose
tolerance status. Those with abnormal glucose metabolism at baseline were excluded
(n=555), leaving 804 individuals in the analysis (Fig. 1).

Food frequency questionnaire

Participants were asked, in the food frequency questionnaire, how many times they usually
ate selected foods during the previous 3 months, using a 14-answer scale ranging from never
to >4 times daily. All records were converted to daily consumption frequencies, by dividing
the daily, weekly or monthly frequencies by one, seven or 30, respectively [17].

Estimation of intake of pulses

There was one question about the consumption of pulses in the 1992 food frequency
questionnaire. Intake in g/day of pulses was computed by multiplying the portion size in
grams with daily intake frequency of pulses. To estimate the average portion size of each
food item, the interviewee could choose the most appropriate portion size from models
prepared from non-perishable materials on standard-sized plates in use in Mauritius. Intake
of pulses was adjusted for total energy intake estimated from the 24-h dietary recall, by
dividing intake in g/day with total energy intake to g/MJ.

All interviewers (nurses or midwives) were trained by a nutritionist in the interviewing
techniques for the 24-h dietary recall and food frequency questionnaire [3].

There was a significant correlation between intake of pulses according to the food frequency
questionnaire and the 24-h dietary recall (Spearman's rank correlation = 0.30; P<0.001),
supporting the validity of the estimation of pulse intake.

Anthropometric data at baseline and follow-up

Anthropometric data such as height, weight and waist circumference were measured at
baseline and follow-up as previously described [18]. Data on gender, ethnicity (South-Asian,
African, Chinese), family history of diabetes (yes or no/not known), treatment of diabetes
(no/diet/herbal or medication), educational level (none/primary or high school/higher),
leisure time physical activity and occupational physical activity at baseline were collected
by trained interviewers. Participants were asked to report their leisure time physical activity
and occupational physical activity as sedentary, light, moderate or heavy. Definitions of
leisure time physical activity levels were given as follows: sedentary, e.g. housebound; light,
e.g. gardening, walking; moderate, e.g. aerobic sport 1-2 days/week; and heavy, e.g. aerobic
sport = 3 days/week. Definitions of occupational physical activity levels were given as
follows: sedentary, e.g. office, unemployed; light, e.g. sales, sewing, housework; moderate,
e.g. trades worker; heavy, e.g. labourer. Energy-adjusted intake (g/MJ) of all food items was
calculated from the baseline dietary data.
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There were 11 and 16 individuals with missing data on covariates used in the analyses of
abnormal glucose metabolism or models of changes in BMI or waist circumference,
respectively.

Blood glucose and diabetes diagnosis at baseline and follow-up

Outcomes

An oral glucose tolerance test was performed in all participants (75 g glucose) unless they
reported using hypoglycaemic agents to treat their diabetes. Diabetes was classified based on
fasting plasma glucose = 7.0 mmol/l or 2-h plasma glucose = 11.1 mmol/l, or current
treatment with insulin or oral hypoglycaemic medication. Fasting plasma glucose <7.0
mmol/l and 2-h plasma glucose =7.8 mmol/l but <11.1 mmol/l indicated impaired glucose
tolerance, and fasting plasma glucose 6.1-6.9 mmol/l and 2-h plasma glucose <7.8 mmol/Il
indicated impaired fasting glucose. A fasting plasma glucose <6.1 mmol/l, together with a 2-
h plasma glucose <7.8 mmol/l, indicated normal glucose tolerance [18].

The study outcomes were abnormal glucose metabolism, change in BMI and waist
circumference. Abnormal glucose metabolism at follow-up was defined as Type 2 diabetes,
impaired glucose tolerance or impaired fasting glucose at follow-up. Changes in BMI and
waist circumference were calculated from 1992 to 1998.

Statistical analyses

Baseline variables were compared in tertiles of energy-adjusted pulse consumption using
Pearson's chi-squared test or the Kruskal-Wallis non-parametric test, as appropriate.
Spearman's correlation coefficients were calculated between energy-adjusted intake of
pulses and energy-adjusted intake of other food items.

The association between pulse intake and abnormal glucose metabolism was estimated by
logistic regression and reported as odds ratios (ORs) and 95% Cls. Participants were
classified in tertiles of energy-adjusted consumption of pulses, calculated from all those with
data on pulse consumption in 1992. Modelling was undertaken with the lowest tertile of
energy-adjusted pulse consumption as the reference group.

Logistic regression analysis on associations between pulse consumption at baseline and
abnormal glucose metabolism at follow-up were performed for all participants and for men
and women separately. No significant interaction was found between consumption of pulses
and sex (P=0.206), but because previous studies on associations between consumption of
pulses and diabetes were performed only on women [9] or found stronger associations in
women [12,13], we performed analysis stratified for sex. Multivariable adjustments were
performed with baseline variables associated with pulse consumption at baseline and/or
abnormal glucose metabolism at follow-up and included model 1: age, and model 2:
ethnicity, occupational physical activity (as ordinal variable in all statistical analysis), waist
circumference, smoking, energy-adjusted consumption of vegetables, energy-adjusted
consumption of fibre (associated with consumption of pulses; Table 1), BMI and family
history of diabetes (associated with abnormal glucose metabolism at follow-up). Tertiles of
energy-adjusted consumption of food items associated with energy-adjusted consumption of
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pulses (Rs = + 0.15), and associated with abnormal glucose metabolism at follow-up (canned
fish, potatoes and beef), were included in the multivariable model for abnormal glucose
metabolism. In additional analyses, changes from baseline to follow-up in weight or waist
circumference, respectively, were added to the multivariate model.

The associations between pulse consumption and change in BMI or waist circumference
were estimated using a general linear model, adjusted for age in model 1 and adjusted for the
baseline variables associated with energy-adjusted pulse consumption and/or the respective
outcome in model 2. For change in BMI analyses, ethnicity, occupational physical activity,
smoking, energy-adjusted consumption of vegetables, fibre and educational level were
added, and for waist circumference analyses, ethnicity, occupational physical activity,
smoking, energy-adjusted intake of vegetables and fibre were added in model 2. Food items,
which correlated with energy-adjusted consumption of pulses and were associated with the
change in BMI and/or change in waist circumference (energy-adjusted consumption of beef
for both outcomes and potatoes and canned fish for change in waist circumference), were
also included in the multivariable models. spss version 20.0 was used for the statistical
analyses. A P value <0.05 was taken to indicate statistical significance.

Informed consent was obtained from all participants and the study was approved by the
ethics committees of the Ministry of Health and Quality of Life, Port Louis, Mauritius, and
of the International Diabetes Institute, Melbourne, Australia.

Table 1 shows baseline characteristics according to tertiles of energy-adjusted pulse
consumption for those with normal glucose metabolism at baseline. People of South-Asian
descent had a higher consumption of pulses compared with those of African descent (median
9.65 g/MJ vs 6.78 g/MJ, P < 0.001). The same proportion of Mauritians of South-Asian and
African origin developed abnormal glucose metabolism over time (26%). Women with a
high intake of pulses were more likely to undertake a heavy level of occupational physical
activity at baseline compared with those with low consumption, and women in the lowest
tertile of pulse consumption were more likely to be smokers than those who consumed more
pulses. In men, a higher consumption of pulses was associated with higher waist
circumference at baseline. High consumption of pulses was associated with energy-adjusted
consumption of vegetables and fibre in both men and women. Men had a higher absolute
intake of pulses (g/day; P=0.017), whilst women had a higher energy-adjusted intake of
pulses (g/MJ; P=0.013).

Energy-adjusted intake of pulses (g/MJ) was positively correlated (all Rg = 0.15) with
energy-adjusted intake of total fibre (men Rg=0.18, P<0.001; women R¢=0.16, P=0.001),
vegetables (men R¢=0.28, P<0.001; women Rs=0.20, P<0.001), Faratha (Indian bread; men
R¢=0.16, P=0.002; women R4=0.27, P<0.001) and canned fish (men R¢=0.17, P=0.001;
women R¢=0.17, P=0.001) in both men and women. In addition, energy-adjusted intake of
pulses correlated positively with energy-adjusted intake of potatoes (Rs=0.22; P<0.001),
fried eggs (R¢=0.17; P=0.001) and negatively with energy-adjusted intake of beef (Rs=
-0.23; P<0.001) in women. Among the energy-adjusted food items, canned fish and
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potatoes were negatively associated with abnormal glucose metabolism, beef was positively
associated with both increase in BMI and waist circumference and potatoes and canned fish
were negatively associated with increase in waist circumference.

Of the 804 people eligible for the analysis on abnormal glucose metabolism in 1998, 209 (97
men and 112 women) developed abnormal glucose metabolism. Women with a high
consumption of pulses at baseline, defined as the highest tertile, had a reduced risk of
developing abnormal glucose metabolism at follow-up, after adjustment for age, ethnicity,
waist circumference, smoking, occupational physical activity, energy-adjusted consumption
of vegetables, fibre, canned fish, potatoes and beef, family history of diabetes and BMI,
compared with the lowest tertile (OR 0.52; 95% CI 0.27, 0.99). In men, pulse consumption
at baseline was not associated with a reduced risk of developing abnormal glucose
metabolism (Table 2; Fig. 2). In the multivariable model, women in the highest tertile of
potato consumption had a decreased risk of future abnormal glucose metabolism (OR 0.46;
95 % CI 0.24, 0.85).

In an additional analysis, using quartiles, women in the fourth quartile of pulse consumption
were protected from developing abnormal glucose metabolism (model 2: OR 0.47; 95% CI
0.23, 0.96) and, when modelled in quintiles, women in the fifth quintile of pulse
consumption also had a trend towards reduced risk of developing abnormal glucose
metabolism (model 2: OR 0.47; 95% CI1 0.21, 1.04).

The addition of changes in BMI or waist circumference between baseline and follow-up
slightly attenuated the protective association of high pulse consumption with abnormal
glucose metabolism found in women [addition of change in BMI resulted in ORt3 0.54
(95% C1 0.28, 1.04) and addition of change in waist circumference resulted in ORt3 0.54
(95% CI 0.28, 1.03)].

Men and women in all tertiles of pulse consumption had an increase in BMI from baseline to
follow-up; however, women with the highest consumption of pulses at baseline had a
smaller increase in BMI than did those with lower consumption (P<0.05;Table 3).

Waist circumference increased in men in all tertiles, with no difference between levels of
consumption. In contrast, waist circumference did not increase in women, and those with the
highest consumption of pulses even decreased their waist circumference (P<0.05). This
difference was attenuated in the fully adjusted model (Table 4).

In the multivariable models, energy-adjusted consumption of beef was positively associated
with both increasing BMI (P=0.001) and waist circumference (P=0.006), whereas energy-
adjusted consumption of vegetables (P=0.022) and potatoes (P=0.039) were negatively
associated with increasing waist circumference.

The effect of pulse consumption on changes in BMI or waist circumference was also
evaluated in all 1421 participants with data on pulse consumption at baseline and outcome at
follow-up (that is, including also those with abnormal glucose metabolism at baseline) and
these analysis produced results similar to those of the analysis that was restricted to people
with normal glucose metabolism at baseline (data not shown).
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Discussion

We found a significant association between high consumption of pulses and reduced risk of
abnormal glucose metabolism in Mauritian women, but not in men. We also found a
protective association of pulse consumption against increase in BMI and waist
circumference, in women, but for waist circumference the association was no longer
statistically significant after multivariable adjustments.

The inclusion of change in weight or waist circumference during follow-up only slightly
attenuated the protective association between high consumption of pulses and abnormal
glucose metabolism in women. This indicates that the association is not simply explained by
a beneficial effect on weight or fat distribution by pulse consumption.

The protective association found in women between pulse consumption and abnormal
glucose metabolism is in accordance with a previous large cross-sectional study in an Indian
population, where a protective association between daily consumption of pulses and lower
prevalence of diabetes was found in women (OR 0.71; 95% CI 0.58, 0.86), while the
association in men was not statistically significant (OR 0.78; 95% CI 0.61, 1.01) [12]. Also,
a prospective study conducted on women in Shanghai found a protective association
between high consumption of legumes and soy beans and lower risk of Type 2 diabetes
(highest compared with lowest quintile: OR 0.62; 95% CI 0.51, 0.74) [9]. A protective
association was found for the second quintile compared with the first quintile in the
Shanghai study, while in the present study the protective association in women was evident
in the highest tertile of pulse consumption. The consumption of pulses was higher in the
present study, with a median consumption of 136 g/day in the highest tertile compared with
65 g/day in the highest quintile in the Shanghai study.

Possible mechanisms explaining the protective association between pulse consumption and
decreased risk of abnormal glucose metabolism, could be the blood glucose stabilizing effect
of pulses [7,19]. Modulation of hepatic trafficking of carbohydrates by increasing glycogen
storage and decreasing glycolysis, caused by butyric acid [20,21] could also explain this
association; however, these mechanisms provide no explanation for the gender-related
difference.

Beneficial effects on fat distribution by pulse consumption are supported by previous studies
in animals and humans [22-24]. A suggested mechanism is the oestrogen effect of the
phyto-estrogens in pulses [25] which is expected to be greater in women than men. This
could, at least in part, explain the gender difference found in the present study, in which
women with the highest consumption of pulses decreased their waist circumference from
baseline to follow-up, which was not the case for women with a lower consumption of
pulses.

Another reason that may explain the gender differences could be related to awareness of
food consumption. Women are usually more involved in preparation of foods and more
accurate diet reporting by women has been observed in previous research [26,27].
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The protective association between high consumption of pulses and abnormal glucose
metabolism found in women could be attributable to confounding factors such as a
correlation between pulse consumption and high consumption of other protective food items
or avoidance of other harmful food items. The negative association between high
consumption of pulses and abnormal glucose metabolism found in women remained after
the addition of food items associated with consumption of pulses and the outcome (energy-
adjusted consumption of vegetables, potatoes, canned fish and beef). Consumption of pulses
has previously been associated with a traditional lifestyle in Mauritius [17], and there may
be other components in a traditional lifestyle, protective against abnormal glucose
metabolism, which we have not been able to account for in this study. Furthermore, data
collection of physical activity levels is generally crude.

A limitation of the present study is that one single 24-h diet recall was available for
estimation of energy intake and several 24-h recalls would have increased the precision;
however, it has been previously found that the intra-individual variability of energy intake is
lower in less westernized countries [28].

Other limitations were related to our inability to reliably study changes in diet between
baseline and follow-up as the food frequency questionnaires used were modified over time,
the number of food items collected increasing from 44 in 1992 to 102 in 1998. We cannot
exclude the possibility that participants changed their patterns of consumption of food items
during follow-up. This may have attenuated the associations between pulse consumption and
outcomes. Strengths of the present study include its prospective design, its 6-year follow-up
and the use of an oral glucose tolerance test to ascertain diabetes status.

The present study indicates that increased consumption of pulses could be a goal for a
dietary intervention to curb the rising prevalence of abnormal glucose metabolism and
obesity in Mauritius. Given that the ethnicities represented in Mauritius account for a
significant proportion of the world's diabetes population, the data presented here could be
relevant for prevention of Type 2 diabetes in many other settings.

In conclusion, in the present prospective study in Mauritius, we found an association
between high consumption of pulses and lower risk of abnormal glucose metabolism in
women. There were also associations between high pulse consumption and a smaller
increase in BMI in women. Promotion of pulse consumption could be one important dietary
intervention to decrease the prevalence of Type 2 diabetes and obesity in Mauritius. Clinical
trials should be carried out in both men and women to confirm the association between pulse
consumption and risk of Type 2 diabetes and obesity.
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1992 Health & Dietary Survey
N=1956

A

Chinese origin n=3

A

Unreliable dietary data n=33

A

No 1998 Health Survey n=499

Y

1992 Health & Dietary Survey
&
1998 Health Survey
N=1421

A

No data on glucose 1992 or 1998 n=62

Abnormal glucose metabolism 1992 n=555

A

h 4

Study population:
N=804; 374 men, 430 women

FIGURE 1.

Description of selection and exclusion of study participants, from the 1992 Health Survey
and Dietary survey and the 1998 Health Survey, in Mauritius.
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FIGURE 2.
Odds ratio (OR) of abnormal glucose metabolism by tertile of energy-adjusted pulse

consumption in 374 men and 419 women, adjusted for age, ethnicity, occupational physical
activity, smoking, family history of diabetes, BMI, waist circumference, and energy-
adjusted consumption of vegetables, fibre, potatoes, canned fish and beef at baseline.
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Change in BMI from baseline to follow-up, in Mauritian men and women, by tertile of pulse consumption at

baseline
Change (95% CI) in BMI, kg/m2
N Tertile 1 Tertile 2 Tertile 3
Model 1
All 794 09(06,11) 10(0.7,12) 0503 08)"
Men 374 0.7(0.4,1.0) 0.7(0.4,1.0) 05(0.2,0.8)
Women 420 11(07,14) 12(09,16) (502 09)"
Model 2
All 788 09(06,11) 10(07,12) (603,08
Men 373 0.7(0.4,1.0) 0.7(0.4,1.0) 0.6(0.2,0.9)
Women 415 1.0(06,1.4) 12(0.9,1.6) g (0.2, 0.9)

Model 1 adjusted for age at baseline, and model 2 adjusted for age at baseline plus variables associated with energy-adjusted consumption of pulses
at baseline and/or the follow-up outcome in men and/or women (ethnicity, baseline occupational physical activity, smoking, educational level,
energy-adjusted consumption of vegetables, fibre and beef).

*
Significantly different from tertiles 1 and 2 (P<0.05).

TSignificantIy different from tertile 2 (P<0.05).
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Change in waist circumference from baseline to follow-up, in Mauritian men and women, by tertile of pulse
consumption at baseline

Change (95% CI) in waist circumference, cm

N Tertile 1 Tertile 2 Tertile 3

Model 1

All 794 10(03,17)  04(-02,11)  _g3(-10,03)
Men 374 22(1.3,3.1) 1.2(0.2,2.1) 1.3(0.4,2.2)
Women 420 -0.2(-12,08) -0.2(-12,07) _16(-24 -0.7)"

Model 2

All 788 0.8(0.1,1.5) 0.4(-02,11)  -0.1(-0.8,0.5)
Men 373 2.1(1.1,3.0) 1.1(0.2,2.1) 1.5 (0.5, 2.4)
Women 415 -03(-14,0.7) -02(-12,07) -15(-2.3,-0.6)

Model 1 adjusted for age at baseline, and model 2 for age at baseline plus variables associated with energy-adjusted consumption of pulses at

baseline and/or the follow-up outcome in men and/or women (ethnicity, baseline occupational physical activity, smoking, energy-adjusted

consumption of vegetables, fiber, potatoes, canned fish and beef).

¢Significantly different from tertile 1 (P<0.05).

*
Significantly different from tertiles 1 and 2 (P<0.05).
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