
Gonzalez-Hita et al., J Clin Case Rep 2014, 4:12 
DOI: 10.4172/2165-7920.1000458

Volume 4 • Issue 12 • 1000458J Clin Case Rep
ISSN: 2165-7920 JCCR, an open access journal

Open AccessResearch Article

Diet and Nutritional Factors Related to Symptomatic Gallstone Disease in 
Women
Mercedes Gonzalez Hita1, Carolina Batis-Ruvalcaba2 and Sergio Sanchez-Enriquez1*
1Department of Molecular and Genomic Biology, University Center of Health Sciences, University of Guadalajara, Guadalajara, Jalisco, Mexico
2Department of Health Sciences, Universidad del Valle de Atemajac, Campus Guadalajara, Mexico

*Corresponding author: Sergio Sanchez-Enriquez, Sierra Mojada # 950, Col
Independencia, C.P. 44340, Guadalajara, Jal., México, Tel: (52)(33)10585287;
E-mail: serlucis@hotmail.com

Received September 25, 2014; Accepted November 21, 2014; Published 
November 23, 2014

Citation: Gonzalez-Hita M, Batis-Ruvalcaba C, Sanchez-Enriquez S  (2014) Diet 
and Nutritional Factors Related to Symptomatic Gallstone Disease in Women. J 
Clin Case Rep 4: 458. doi:10.4172/2165-7920.1000458

Copyright: © 2014 Gonzalez-Hita M, et al. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided 
the original author and source are credited.

Keywords: Cholelithiasis; Food habits, Risk factors; Western Mexico

Abbreviations: FAO: Food and Agriculture Organization of
the United Nations; GD: Gallstone Disease; WHO: World Health 
Organization

Introduction
Cholesterol stones, the most common form of Gallstone Disease 

(GD), are a major public health concern in developed countries [1-
3]. The overall prevalence of cholelitiasis in industrialized countries is 
estimated to be 6-22% [4]. In Mexican population, cholesterol gallstone 
formation is a highly frequent condition. The reported prevalence of 
GD in Mexicans living in the United States is 8.9% for men and 26.7% 
for women [5]. Slightly lower prevalence has been found in subjects 
living in Mexico City, 14.1% in general population, 5.8% and 19.7% for 
men and women, respectively [6]. In addition, it has been found in all 
populations of the world that women are more susceptible than men, 
to present GD [5].

The etiology of GD is multifactorial. Unmodifiable risk factors 
include female gender, aging and genetic susceptibility. While 
modifiable or environmental risk factors include obesity [7-9], weight 
cycling and periods of rapid weight loss, type 2 diabetes mellitus, 
hypertriglyceridaemia, cholesterol-lowering drugs (fibrates), smoking 
and sedentary lifestyle [4,10]. In addition, insulin resistance (IR) [11] 
and metabolic syndrome have been established as major conditions 
involved in the pathogenesis of GD [12].

Vast information has been published on the relationship between 
diet and cholesterol gallstone formation [13-15], although some of 
this information is contradictory. The most conclusive dietary factors 
associated with GD are excessive calorie intake, saturated fat and 
refined sugars as risk factors. Fiber ingestion and moderate alcohol 
consumption are protective factors [15-17]. In addition, long fasting 
periods have been found to be associated with gallstone formation. 

Abstract
Background: Gallstone Disease (GD) results from the interaction of genetic predisposition and environmental 

factors such as physical activity, diet and food habits that are characteristic of each culture. Female gender, aging, 
obesity and insulin resistance are strongly associated to gallstone formation. Female Mexican population 
presents high prevalence of obesity and GD. Hence our aim was to establish the relationship between GD, dietary 
constituents and nutritional factors in women with symptomatic cholelithiasis. 

Methods: We performed a case-control study in 93 women with symptomatic gallstones and 95 controls. 
Evaluations included clinical aspects, anthropometry, 24-hours dietary recalls, food habits and physical exercise. 

Results: Family history of GD was present in 53% of GD patients, 54% showed insulin resistance. GD women, 
compared to controls, had more overweight and obesity (83% vs. 69%), higher waist-to-hip ratio (0.869 ± 0.06 
vs.  0.838 ± 0.063, p=.001), consumed lesser meals /day (2.91 ± 0.76 vs. 3.61 ± 0.81 p<0.001), ingested more 
energy (2186 kcal vs. 1366 kcal p<0.001), more total fat (65 vs. 43 g/day; p<0.001) and more portions of simple 
sugars per 1000 kcal (2.5 vs. 2.0 p=0.025). Fewer GD women consumed dietary fiber recommended allowance 
(3 vs. 25% p<0.0001). Overnight fasting periods were longer in the GD group. Most patients and controls had a 
sedentary life style. 

Conclusion: Obesity, abdominal adiposity, insulin resistance and nutritional factors such as excessive 
intake of total energy, total fat, simple sugar and long fasting periods; constitute risk factors for gallstone formation. 
Meanwhile, adequate dietary fiber intake is a protective factor in this population of Mexican women.

On the contrary, shorter overnight fasting has been found protective 
against gallstones, particularly in young women [4,18].

Despite the high prevalence of GD and its economic consequences, 
there is not enough information about the relationship of diet and 
gallstones in Mexican population. Knowledge about nutritional and 
diet related risk factors for GD formation would be useful to design 
strategies for preventing cholelitiasis in Mexican women. Therefore 
we conducted the present study with the purpose of establishing the 
relationship between GD, IR, dietary constituents and nutritional 
factors among women from Western Mexico.

Materials and Methods
Assessment of nutritional factors

Anthropometric parameters were measured, including body 
weight, height, waist circumference and hip circumference. Body Mass 
Index (BMI) was calculated as weight in kilograms divided by the 
squared height in meters (kg/m2). Waist circumference was measured at 
the midlevel between the lowest rib and the iliac crest with the subject 
standing and breathing normally. Hip circumference was measured at 
the widest point between the hip and the buttock [19]. The waist-to-
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hip ratio was defined as the waist circumference (cm) divided by the 
hip circumference (cm). Classification of body mass index was made 
according to WHO recommendations, as follows: BMI <25 kg/m2, 
normal; 25-29 kg/m2, overweight and ≥30 kg/m2, obesity.

Lifestyle nutritional factors were assessed by an interview; 
included questions were weight reduction treatments, number of 
meals per day, overnight fasting hours. Physical activity and exercise 
performance (sedentary, moderate, active, and high) were evaluated 
with the use of questions designed to measure both leisure time and 
work activities.

Assessment of diet

Diet was assessed by 24-hour dietary recalls and a food-frequency 
questionnaire performed by a trained nutritionist. Participants were 
asked to indicate the frequency of consuming a typical serving size 
of selected foods during the previous year. Energy intake, total fat, 
saturated, monounsaturated and polyunsaturated fat, cholesterol, 
fiber, and calcium intake were estimated using the software Nutripac 
version 1.5 (©1992-1995); this software is based in the nutritional value 
of Mexican foods. Simple sugars intake was estimated based on the 
Mexican exchange list for meal planning [20]. Coffee consumption was 
assessed by a food frequency questionnaire.

Individuals participating in the GD group were asked to describe 
their diet and nutritional habits, before the occurrence of gallstone 
symptoms. This procedure was done because symptomatic gallstones 
are the main cause of dietary changes and modification of food habits, 
not for medical indication, but because occurrence of acute gastric 
pain, nausea and vomiting.

Blood samples and biochemical determinations in GD 
patients

Peripheral blood samples were collected from patients after 
overnight fast (12 hours). Glucose was determined with an enzymatic 
colorimetric test (Human Biochemica and Diagnostica. Wiesbaden, 
Germany). Insulin was determined using the kit IMX system of 
ABBOTT (Insulin 2A10, 46-3898/R6) using the micro particle 
enzyme immune assay (ABBOTT laboratories, North Chicago, IL). 
Insulin resistance was calculated by means of the homeostasis model 
assessment (HOMA-IR). HOMA-IR=[fasting insulin (µU/mL)×fasting 
glucose (mmol/L)]/22.5 [20,21]. Insulin resistance was determined as a 
HOMA value >2.5 [22].

Statistical analysis

We examined the relation between symptomatic GD, dietary and 
nutritional factors, with Chi-square test (x2) and odds ratio (OR) with 
95% confidence interval (CI) for categorical variables such as BMI 
classification, dieting, physical exercise and coffee consumption. The 
quantitative variables including diet components, waist circumference, 
number of meals per day, and hours of overnight fasting were compared 
with the Student’s t test or Mann-Whitney U-test, when necessary. A 
logistic regression analysis was performed. Significance was established 
at P<0.05.

Ethical aspects
Ethics Committee of the hospital approved the study. Each 

participant signed a written informed consent and the study protocol 
conformed to the ethical guidelines according to the 1975 Declaration 
of Helsinki.

Results
Demographic data for GD women and controls are shown in 

Table 1. Mean age in GD group was 40.6 years (range from 19 to 
69 years), 74% of these patients were younger than 50 years old. No 
significant differences in age were observed between the two groups. 
A family history of cholelithiasic disease was present in 53% of the GD 
patients (p<0.05). Most women with GD, in the present study, were 
overweight (48%) or obese (35%). The frequency of overweight (38%) 
and obesity (30%) in the control group was elevated, but significantly 
lower than in the group of cases (p=0.02). Twenty five percent of 
the GD obese patients presented a personal history of overweight or 
obesity since childhood or adolescence, 35% gained excessive weight 
after pregnancy and 40% become obese in adulthood. An important 
fact related to obesity is regional body fat distribution. Since GD has 
been associated with abdominal adiposity, we assessed fat distribution 
by the ratio waist-to-hip circumference. We found that patients with 
GD had a significant higher waist-to-hip ratio than control subjects 
(p=0.001) (Table 1). Insulin resistance is a condition linked to viscera 
adiposity, in the present study 53% of GD women showed IR (HOMA 
value>2.5). Twenty seven percent of GD women referred intentional 
weight reduction treatments, this percentage was similar in the control 
group and this variable did not represent a risk factor for GD (OR=1.22; 
IC=0.63-2.36). Similarly, there were no significant differences found in 
the number of times that patients and control subjects lost weight, and 
the body weight (kilograms) that they lost per time (Table 1). With 
regard to dietary habits, we found that the GD women had the habit 
of having less number of meals per day than controls, 22% of cases had 
less than 3 meals per day against 5% of control subjects (p<0.0001). 
Overnight fasting periods tended to be longer in the GD group when 
compared to controls without reaching statistical significance (13.85 vs. 
13.03 hours, p=0.059).

At the time of the study, the main occupation of the participants 
was housewife (55%), 45% were involved in a job outside their house, 
from which only 9% were professionals. Most individuals have a 
sedentary lifestyle whose activities were household chores (cooking 
and cleaning), (6 ± 2 hrs), watching television (9 ± 3 hrs) and sleeping 
(9 ± 1 hrs). No significant differences were found in the frequencies 
of individuals that performed physical exercise. Only 28% of the 

Patients with gallstones 
(n=93)

Control subjects 
(n= 95)

p 
value

Age (years) 
Body mass index 
classification, n (%)  

40.05 ± 13.36* 43.45 ± 12.9 NS+

Obesity 45 (48) 29 (30) 0.02++

Age (years) 44 ±13 45 ± 11 
 

Overweight 32 (35) 36 (38)
Age (years) 37 ± 11 35 ± 10

Normal 16 (17) 30 (32)
Age (years) 33 ±13 32 ± 8
Waist-to-hip ratio 0.869 ± 0.06* 0.838 ± 0.063 0.001+ 
Waist circumference (cm) 89.39 ± 11.28* 86.25 ± 11.09 NS+ 
Weight reduction, n (%) 25 (27) 22 (23) NS++
Meals pear day, (number) 2.91 ± 0.76* 3.61 ± 0.81 <0.001+
Overnight fasting, (hours) 13.85 ± 3.1* 13.03 ± 1.64 NS+
Exercise, n (%) 26 (28) 32 (34) NS++

*Results are shown in mean  ± standard deviation; +Student’s t test; ++ Chi squared 
test; NS= non significant.

Table 1: Nutritional factors in patients with gallstones and control subjects.
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GD patients and 34% of the control subjects practice some form of 
moderate exercise (Table 1).

Main nutrient intakes by patients with gallstones and control subjects 
are shown in Table 2. There was asignificant difference of 800 kcal in 
total energy intake (2186 kcal; cases vs. 1366 kcal; controls; p<0.001). 
Furthermore, ingestion of protein, cholesterol, fiber, calcium and simple 
sugars were also significantly higher in GD patients as compare with 
control subjects. The consumption of total fat in the group of cases was 
elevated as compared to controls (65 vs. 43 g/day; p<0.001). However, 
the proportions of saturated, monounsaturated and polyunsaturated 
fat were similar between groups. Fat was derived mainly from animal 
food sources such as whole milk, eggs and pork meat; which contain 
mainly saturated fat and high amount of cholesterol. Neither coffee 
consumption habit, nor the quantity of coffee consumed (cups per day) 
was significantly different among cases and controls. Energy-adjusted 
nutrient intakes (adjusted per each 1,000 kcal consumed /day) are 
summarized in Table 3. Most dietary components (nutrient densities) 
were not different between groups, with the exception of protein and 

simple sugars. Control subjects consumed in proportion, more protein 
(p= 0.022) and less simple sugars (p=0.025) than cases. The average 
intake of fiber was similar in both groups of subjects (p=0.065), but 
comparing the groups according to fiber recommendation achievement 
of ≥14 g/1000 kcal per day, more controls accomplished this amount 
of ingested fiber (25%) than cases (3%), (OR=0.99, IC=0.29 - 0.341; 
p<0.0001).

Table 4 displays the results of final multiple logistic regression 
model. Number of meals per day had an inverse association with 
symptomatic gallstones, whereas waist-to-hip ratio and total energy 
intake were directly related to the risk of GD.

Discussion
Obesity is a complex pathological condition related to the 

interaction among genetic and environmental risk factors such as high 
calorie diets, fast food, and sedentary lifestyle; most of these factors 
are due to economic growth, urbanization, and lack of nutritional 

Nutrient Patients with 
gallstones (n=93)

Control subjects 
(n= 95) p

Total energy intake (kcal) 2186 (1768-2788)* 1366 (1088-1668) <0.001+
Carbohydrates (g) 318.4 (244.2-390.1)* 201.2 (141.5-251.2) <0.001+
Protein (g) 87.3 (65.4-107.9)* 49.3 (39.0-62.0) <0.001+
Fat (g) 65.6 (46.1-94.6)* 43.4 (29.6-54.2) <0.001+ 
Saturated fat (% of total kcal) 10.1 (7.7-13.8)* 11.17 (8.0-13.7) NS++ 
Monounsaturated fat (%of total kcal) 9.6 (8.0-12.2)* 9.8 (7.1-13.3) NS++
Polyunsaturated fat (% of total kcal) 6.6 (4.1-9.1)* 9.8 (7.1-13.3 NS++
Cholesterol (mg) 211 (135-571)* 6.1 (3.6-8.7) <0.001+
Fiber (g) 19.6 (14.2-25.8)* 12.3 (8.3-18.2) <0.001+
Calcium (mg) 999 (697-1502)* 599 (391-773) <0.001+
Simple sugars (portion) 6 (3-10)* 599 (391-773) <0.001+
Coffee (%) 44 (47.8)& 3 (1-5) NS++

Coffee (cups) 1 (1-2)& 34 (35.8) 
1 (0.88-1.63) NS+

Results are shown in mean (minimal-maximal values); & results are shown in mean (%); +Student’s
t test; ++ Chi squared test

Table 2: Daily intake of nutrients in patients with gallstones and control subjects.

Nutrient Patients with 
gallstones (n=93)

Control subjects 
(n= 95) p

Carbohydrates (g/1000 kcal) 142.7 (127-156)* 146.4 (128-167) NS
Protein (g/1000 kcal) 36.9 (32.7-42.3)* 36.0 (31.9-41.2 0.022
Fat (g/1000 kcal) 30.9 (24.4-38.4)* 31.3 (23.9-39.2) NS 
Cholesterol (mg/1000 kcal) 93.1 (61.7-219.8)* 89.9 (60.0-204.0) NS 
Fiber (g/1000 kcal) 9.1 (7.0-11.5)* 9.8 (7.0-14.2) NS
Fiber ≥ 14g/1000 kcal, n (%) 3 (3%)+ 24 (25%) <0.0001
Calcium (mg/1000 kcal) 440.0 (318.6-577.9)* 423.4 (307.3-587.8) NS
Simple sugars (portion/1000 kcal) 2.5 (1.3-4.1)* 2.0 (0.8-3.7) 0.025

Note: Dietary nutrient densities expressed per 1,000 kcal.  *Results are shown in mean (minimal- maximal values), t student test;   + Chi squared test.
Table 3: Daily dietary nutrient densities in patients with gallstones and control.

Variable Coefficient (β P (Wald test) Odds ratio 95% CI for odds ratio

Meals pear day, (number) -2.36 0  
0.094 (0.03, 0.25)

Waist-to-hip ratio ((cm/cm)*10) 0.905 0.012 2.47 (1.22, 5.02)
Total energy intake (100 kcal) 0.289 0 1.34 (1.21, 1.47)

Forward method, independent variables included in the model: age, Meals per day (number), Body mass index (kg/m2), Waist-to-hip ratio ((cm/cm)*10), Total energy intake 

(100 kcal), Protein (g/1000 kcal), fiber (g/1000 kcal), Simple sugars (portion/1000 kcal). Hosmer and Lemshow test p =0.47
Table 4:   Final multiple logistic regression model for symptomatic gallstones (R2 0.673, p=0.000.
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education [23]. These risk factors were documented in the present study 
in the GD women; since they belong to the middle class, live in a big 
city (Guadalajara) and they don’t consume a correct diet. Childhood 
obesity predisposes to several metabolic, physiological and clinical 
complications that lead to several chronic diseases in adulthood, in 
addition to GD [24,25]. In the present study we have found that 25 % of 
our cases presented excess body weight since childhood or adolescence, 
and 35% developed obesity after pregnancy. There is a linear correlation 
among BMI and markers of inflammation [26,27], dyslipidemia, 
oxidative stress, endothelial damage, as well as dysfunction and 
morphological vascular changes, increasing the risk of coronary heart 
disease in early adulthood [28-30]. We consider that GD patients in 
our study, due to the presence of genetic predisposition, environmental 
risk factors, as well as to the high frequency of overweight and obesity, 
are a latent risk group to develop subsequent metabolic alterations 
associated to the insulin resistance syndrome that eventually leads 
to type 2 diabetes and cardiovascular diseases. Since most alterations 
related to obesity begin at early stages of life [31], attempts to prevent 
and diagnose pathological conditions should also start early identifying 
obese young adults and children at increased risk of chronic diseases.

Obese individuals are more likely than normal weight subjects 
to acquire GD [16,17]. In this case-control study, our results indicate 
that obesity is more frequent among women with gallstones than 
controls; these findings are in accordance with those reported in other 
populations [32-34]. It has been suggested that obesity raises the risk 
of cholesterol gallstones by increasing biliary secretion of cholesterol 
and disturbing vesicular motility [35]. A high waist-to-hip ratio, which 
reflects abdominal distribution of body fat, has been associated with 
gallstones mostly in men [36,37]. Nevertheless, in the present study we 
found that a higher waist-to-hip ratio in women was also correlated 
with GD. Abdominal adiposity is associated to insulin resistance and 
the metabolic syndrome; both conditions have been found to be related 
to gallstone formation [38,39]. High fasting insulin levels have been 
reported to increase the risk of GD among women [40]. The metabolic 
syndrome was reported to be strongly associated to GD in Mexican 
adults [12]. In the present study, 58% of the GD women showed insulin 
resistance, these patients are likely to present other metabolic alterations, 
such as impaired glucose tolerance, dyslipidemia (high plasma 
triglycerides and low HDL-C), and hypertension. Weight cycling and 
rapid body weight losses in obese patients are factors associated with 
gallstones formation [41]. It has been reported that some obese patients 
following a weight loss treatment develop asymptomatic gallstones. Our 
study of symptomatic GD women showed that most cases maintained 
stable and elevated weight for many years before the appearance of 
symptomatic cholelithiasis. In addition, some of the GD women have 
been overweight since adolescence and few cases have had episodes of 
weight fluctuations. Furthermore, we did not included severely obese 
women with weight cycling patterns. Our data did not show significant 
differences in history of weight reductions between cases and controls. 
This could be explained considering that the study sample belongs to 
a low-income social class; in which weight reduction is not so usual 
and therefore it may not represent a risk factor for gallstone formation. 
It has been found that short periods of night fasting protect against 
gallstones both in men and women [4]. Our results support this finding 
and clearly indicate that eating fewer times a day was a risk factor for 
GD in women.

A sedentary lifestyle and an inadequate diet are both significant risk 
factors for gallstone formation. In general, increased physical activity is 
associated with a significant reduction in the risk of cholecystectomy 
in humans [42,43] and in animals [44]. In the present study, we found 

that physical inactivity was a widespread condition, and that exercise 
performance was very low and similar in cases and controls. However, 
potential mechanisms for the antilithogenic effects of exercise beyond 
lowering body weight have not been clearly described. Previous studies 
have examined the role of diet as a potential risk factor for cholelithiasis. 
The principal dietary constituents found in the literature are total energy 
intake and ingestion of refined sugars, which are directly related to the 
risk of gallstone formation [7,16,17]. Whereas, fiber ingestion [45] and 
alcohol consumption [7,8] are consistently found to be inversely related 
to GD. Our findings agreed with reported evidence that increased 
consumption of simple carbohydrates and excessive energy intake are 
both risk factors. On the other hand, an adequate fiber ingestion that 
achieves the recommended dietary allowance was a protective factor 
for gallstone formation in our study. It is known that estimation of 
caloric intake is difficult to assess [16]. However, we found a significant 
difference in energy ingestion between the groups, so that we can clearly 
conclude that, despite possible measurement errors, energy intake was 
positively related with GD in this group of women.

Ingestion of refined foods, mainly simple sugars is one of the major 
contributors to nutritional imbalance [17]. Indeed, most international 
regulatory agencies committees such as WHO and FAO suggest the use 
of complex carbohydrates [46]. The Mexican diet has a high content 
of sweet beverages and soft drinks that are the main sources of simple 
sugars [47]. In addition to quantity, the quality of carbohydrates is 
a primary determinant of the digestion speed, absorption and the 
resulting glycaemia and insulin response [48]. In our study, more than 
half of GD patients showed a condition of insulin resistance. Hepatic 
Insulin resistance has been reported as a critical factor to modify liver 
cholesterol metabolism and biliary cholesterol secretion in animals 
and humans leading to super-saturated bile and gallstones formation 
[39]. With regard to fiber ingestion and gallstones formation, our study 
shows that low fiber intake is associated with an increase in the risk 
of gallstone development; these results are in accordance with those 
from the literature [45]. The effects of low fiber ingestion are explained 
based on the resultant increase in secondary bile acid secretion due to a 
decrease in colonic motility and a decrease in cholesterol and bile salts 
fecal excretion [49]. Regarding the effects of total fat intake on GD, a 
number of studies have reported controversial results [7,14,17,51]. In 
our study, average intake of total fat among GD women was significantly 
higher than in controls, in agreement with studies showing a positive 
association between total fat intake and GD [8,14]. In the present study, 
GD women enjoyed traditional Mexican food prepared with pork meat 
and pork fat contributing to high intake of saturated fat and cholesterol. 
Also, individuals in our study consumed processed food containing 
partially hydrogenated fat which contributes to elevated ingestion of 
Trans fatty acids, which have been reported to increase the risk of GD 
in men [50,51]. On the contrary, GD women in the present study rarely 
consumed fish, a good source of n-3-polyunsaturated fatty acids, which 
have been proposed as a protective factor. The mechanism reported 
is associated with improvement of bile composition by maintaining 
cholesterol nucleation time and cholesterol saturation index [52]. 
Protein intake among the group with gallstones in the present study 
was slightly higher when adjusted per 1000 kcal. This is peculiar since 
other authors have not found protein intake as a risk factor for GD. 
However, there are few studies about this relationship and the results 
are still controversial [53]. 

Few studies have evaluated the association between coffee intake 
and GD [54,55]. Our results showed that coffee intake did not seem to be 
associated to GD. The etiology of cholesterol GD is multifactorial with 
complex interactions of the environment and the effect of multiple genes 
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[56]. There are several polymorphisms found to be associated with the 
genetic susceptibility to cholesterol gallstone formation in humans with 
gallstones [57,58]. In the present study we found a high frequency (53%) 
of GD women who referred a family history of cholelithiasic disease, 
future studies should address the genetic polymorphism associated to 
GD in Mexican population. Our study provides information about the 
association between anthropometric parameters, dietary components 
and food habits in a population of Mexican women who exhibit GD at 
middle age and may continue to be at high risk for other obesity-related 
chronic diseases. Therefore, unless some preventive actions are taken 
in order to modify the adverse nutritional factors, as well as to increase 
physical activity to diminish the weight gain characteristic of ageing 
and control the insulin resistance, these patients present a major risk 
for developing type 2 diabetes and cardiovascular diseases, both leading 
causes of death in Mexican population.
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