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ABSTRACT 

The objective of the present study was to iden- 
tify dietary parameters for predicting body weight 
change (∆BW) in Mexican-born women (Mexi- 
cans) following immigration to Quebec City, Ca- 
nada. Methods: Changes in fruit (∆F), vegetable 
(∆V), fruit and vegetable (∆FV), and fat (∆Fat) in- 
take were assessed according to post-immigra- 
tion periods (1 - 5 years, 6 - 10 years, 11 - 20 
years) using a food frequency questionnaire 
(FFQ). Anthropometric measures were also con- 
ducted in 87 Mexicans (study group) and 88 na- 
tive-born Quebecers (comparison group) aged 
18 - 65 years. Associations were calculated us- 
ing full and partial robust regression models ad- 
justing for potential confounders (origin, educa- 
tion, income, age, length of residence in Quebec 
City). Results: There was no difference in ∆BW 
between the groups. Body weight (BW) increas- 
ed significantly in both Mexican (5.5 ± 0.9 kg, P < 
0.0001) and Quebec women (4.7 ± 0.8 kg, P < 
0.0001). ∆BW was positively correlated with 
∆Fat (β = 0.03, P = 0.003), but not correlated with 
origin, ∆F, or ∆V. ∆BW was negatively associ- 
ated with education (β = –4.33, P = 0.007) and 
positively associated with length of residence (β 
= 0.3, P = 0.003). Partial models indicated ∆F (β = 
–1.35, P < 0.0001), ∆V (β = –1.04, P = 0.0001), and 
∆FV (β = –2.27, P < 0.0001) were associated with 
origin, whereas net annual household income (β 
= 0.16, P = 0.04) was positively associated with 
∆Fat. Conclusions: Change in body weight could 
be predicted by length of residence, education, 
and change in fat intake in Mexican immigrant 
women and native-born Quebecers whereas  

changes in fruit and vegetable intakes could be 
predicted by Mexican or Quebec origin. 
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1. INTRODUCTION 

Obesity is a global health problem that is not only 
acute in industrialized countries such the United States 
(US) and Canada, but also increasingly prevalent in de- 
veloping countries such as Mexico. It is a leading con- 
tributor to type 2 diabetes, hypertension, and cardiovas- 
cular disease, and is linked with increased risk for some 
cancers. It is mostly related to high fat [1] and meat [2] 
consumption, low consumption of fruits, vegetables, and 
fiber [3-5], and insufficient physical activity [3,6,7]. In 
an era of increasing global population mobility and rapid 
economic and social changes, studying the relationships 
between immigration and obesity could shed further light 
on this multi-factorial phenomenon. 

When immigrants first arrive in Canada, they gener- 
ally have low susceptibility to chronic degenerative dis- 
eases and disabilities. This phenomenon, which has been 
observed irrespective of the immigrant’s origin, is called 
the “healthy immigrant effect” [8,9]. However, over time, 
immigrants’ health status converges with that of the host 
population [10]. Immigration status, income, gender, em- 
ployment, discrimination, use of language, education, length 
of residence, lifestyles, and social network all interact to 
influence immigrant population health. 

Studies [2] have shown deterioration of the US Latin 
American immigrants’ diet with “acculturation”, a proc- 
ess whereby immigrants progressively assume typically 
native-born habits. Less acculturated Latinos in the US 
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and in Canada have healthier diets than more accultur- 
ated Latinos, independently of how acculturation is mea- 
sured (length of residence, place of birth, preferred lan- 
guage, generation) [8,11]. In Quebec, Canada (1998-99), 
71% of Latin immigrants had insufficient income to en- 
sure good nutrition [9]; not surprisingly, only 21% of La- 
tin immigrants had a food intake in line with Canada’s 
food guide. 

The impact of Mexican immigrants’ food consumption 
in the US has been widely studied [12]. By contrast, in 
Canada, the second preferred immigration country for Me- 
xicans [13], no such nutritional studies have been done. 
This study was thus undertaken to examine changes in 
food consumption—namely fruit, vegetable, and fat in- 
takes—in women of Mexican origin following their im- 
migration to Quebec City. It also examined whether 
changes in those dietary parameters predicted body 
weight change in this population. We hypothesized that, 
following their immigration, these women would reduce 
their fruit and vegetable intake and increase their fat in- 
take, resulting in weight gain. 

2. MATERIALS AND METHODS 

2.1. Population 

In 2006, there were 317,170 women aged 15 years and 
older in Quebec City, of whom 250 were Mexican im- 
migrants [14,15]. Mexican women were recruited in the 
Quebec City metropolitan area through advertisements in 
the media, churches, day care centers, “francization cen- 
ters” (centers for sociolinguistic integration), immigrants’ 
associations, Mexican restaurants, grocery stores, and at 
Laval University. Native-born Quebec women (referred 
to as Natives in this study) were mainly recruited from 
among students, workers, and participants in studies at 
Laval University. The snowball technique was used. 

Inclusion criteria for the Mexicans were: being 18 - 65 
years old, having resided 1 - 20 years in Quebec City, 
having lived in Mexico immediately before coming to 
Canada, having no chronic diseases, perceiving them- 
selves to be in good health, and intending to remain in 
Canada. Inclusion criteria for Natives were: being 18 - 
65 years old, being Canadian by birth and having parents 
and partners (if any) who were Canadians, having no 
chronic diseases, perceiving themselves to be in good 
health, and having lived in Quebec City at least one year. 
Exclusion criteria for both groups were: being pregnant 
or nursing, and having conditions requiring dietary re- 
strictions (e.g. food allergies) at the time of the interview 
or of immigration (or corresponding period for Natives). 
Exclusion criteria for Mexicans were: having been raised 
from childhood in Quebec; living at least six months of 
the year in Mexico. 

Quota sampling was used according to age (18 - 50 

years and 51 - 65 years) and length of residence (for Me- 
xicans: 1 - 5 years, 6 - 10 years, and 11 - 20 years). We 
started with a sample of 188 women. Of those, 13 (seven 
Mexicans and six Natives) were excluded due to missing 
data. Our final sample consisted of 175 women: 87 Me- 
xicans (study group) and 88 Natives (comparison group). 
Mexicans and Natives were paired on age, and length of 
residence of each Mexican was paired with a correspond- 
ing time period in a Native. Hereinafter, the Mexican in 
these pairs will be referred to as the Native’s “counter- 
part”. The Research Ethics Committee of Laval Univer- 
sity approved this study. 

2.2. Measurements 

Interviews and anthropometric measures were con- 
ducted between July 2010 and July 2011 with each par- 
ticipant in her native language, by the principal author 
(EO), a trained nutritionist. Participants received written 
information and signed a consent form. Participants an- 
swered a socio-demographic questionnaire followed by a 
food frequency questionnaire (FFQ). Before data collec- 
tion, questionnaires were pretested in nine Latin and two 
Native women living in Quebec City. Accordingly, the 
date of arrival in Quebec City was added to the sociode- 
mographic questionnaire, and some modifications, such 
as words added or modified to define certain food items, 
were made to the food list derived from an FFQ valida- 
ted for Quebec [16,17]. Moreover, as already in the vali- 
dated FFQ [16,17], there was an open question at the end 
of the questionnaire to allow participants to report any 
frequency of eaten foods not listed in the FFQ and give 
information about recipes used in order to better assess 
intakes of individual food items. 

The socio-demographic variables of interest were eth- 
nic origin (as proxy of immigration) (Mexicans, Natives), 
education (< or ≥ 13 years of education), net annual 
household income (Canadian dollars of all family mem- 
bers after taxes), age (years) and length of residence (for 
Mexicans, years since arrival in Quebec; for Natives, a 
period corresponding to that of their counterpart). Then, 
food consumption was assessed simultaneously for two 
one-month periods: T0 (past time), corresponding to the 
third month before immigration for Mexicans and the 
corresponding period for Natives, and one month before 
the interview, T1 (current time), for both groups. Data 
from the FFQ were analyzed with a food composition 
calculator developed specifically for this FFQ [16] to 
obtain fruit and vegetable intakes (servings/day) and fat 
intake (g/day) at T0 and T1. Changes in fruit (ΔF), vege- 
table (∆V), fruit & vegetable (∆FV), and fat (∆Fat) in- 
takes were defined by calculating the difference between 
the estimated current and past intakes (T1-T0). 

The fruit and vegetable groups in the FFQ included all 
fresh, canned, or frozen fruits and vegetables, juices, 
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sauces (compotes), soups, leafy vegetables, fruiting ve- 
getables, root vegetables, cabbages, mushrooms, grain and 
pod vegetables, onion, garlic, stalk vegetables and sprouts, 
legumes, mixed salads, and mixed vegetables. Because 
of their high fat content, olives and avocados were con- 
sidered as fat. Dried fruit, because of high sugar content, 
were considered as candy [18]. Potatoes were assigned to 
the cereal group due to starch content [18]. Plastic models 
of foods in Canada’s Food Guide [19] and Mexico’s Tab- 
las de Valor Nutritivo de los Alimentos [20] were used. 

We collected data on body weight (BW) in three forms: 
self-reported past BW (kg), self-reported current BW (kg), 
and measured current BW (kg). Self-reported past BW 
corresponded to the weight the Mexican women recalled 
having just before immigrating to Quebec; for Natives it 
was the weight they recalled having at the corresponding 
period (T0). Self-reported current BW corresponded to 
the weight declared at the time of interview for both 
groups. The current BW (T1) was measured with a SECA 
869 electronic scale at the end of the interview with par- 
ticipants wearing light indoor clothing and no shoes. Our 
main outcome, ΔBW, was calculated by subtracting mea- 
sured current BW (T1) from self-reported past BW (T0) 
as a continuous variable (kg). Current height was assess- 
ed without shoes using a SECA 214 mobile stadiometer. 
Change in BMI was obtained by subtracting past BMI 
[(self-reported past BW)/(measured current height)2] (T1) 
from current BMI [(measured current BW)/(measured cur- 
rent height)2] (T0). To interpret BMI, we used the World 
Health Organization criteria [21]. 

2.3. Data Presentation and Statistical  
Analysis 

The statistical analyses were performed with SAS 9.3 
[22]. All statistical tests were two-sided, with statistical 
significance of P < 0.05. The sample size was calculated 
following the rule of thumb (minimum 10 cases by cate- 
gory of independent variables) and taking into account 
the prevalence of overweight and obesity in Mexicans, 
US. Mexican immigrants, and Canadians [1,2]. This re- 
sulted in a minimum sample size of 83 Mexicans and 83 
Natives. Frequencies and percentages for sociodemogra- 
phics were calculated, as well as means and standard er- 
rors for BW, fruit, vegetable, and fat intakes at T0 and 
T1. Subsequently, we used Student’s t-test for normally 
distributed data and the non-parametrical Wilcoxon test 
for skewed data to determine differences between T0 and 
T1 for Mexicans, for Natives, and for differences in terms 
of BW, fruit, vegetable, and fat intakes between Mexi- 
cans and Natives. 

Given the presence of outliers, a robust multiple re- 
gression model (ROBUSTREG) was used to estimate the 
contribution of our parameters (ΔF, ΔV, and ΔFat) to 
ΔBW. We adjusted for origin, education, net annual 

household income, and length of residence. Age was ex- 
cluded from this analysis because of collinearity with 
length of residence. Interaction between origin and length 
of residence, included in the model, allowed us to assess 
the effect of origin based on variations in length of resi- 
dence.  

Robust partial regression models were applied taking 
our independent variables as dependent variables (fruit, 
vegetable, and fat intakes) and co-variables as indepen- 
dent variables (origin, education, income, and length of 
residence).  

3. RESULTS 

3.1. Study Population 

Table 1 presents the socio-demographic characteris- 
tics of the study population at the time of interview. The 
average ages of Mexicans and Natives were respectively 
39 ± 1 years (SEM) and 40 ± 2 years (SEM); 42.5% of 
Mexicans (n = 37) were Canadian citizens and 42.5% (n 
 
Table 1. Socio-demographic characteristics of the population 
studied at the time of the interview. 

 Mexicans Natives Both 

 n % n % n % 

Age       

18 - 30 years 15 17.2 26 29.5 41 23.4

31 - 40 years 37 42.5 24 27.3 61 34.8

41 - 50 years 25 28.7 12 13.6 37 21.1

51 - 65 years 10 11.5 26 29.5 36 20.6

Marital status       

Single/living alone 19 21.8 37 42.0 56 32.0

Married 47 54.0 13 14.8 60 34.3

Living with a 
partner 

08 09.2 29 32.9 37 21.1

Divorced 12 13.8 09 10.2 21 12.0

Widow 01 01.1 00 0.0 01 00.6

Education       

<13 years 09 10.3 07 07.9 16 09.1

≥13 years 78 89.7 81 92.1 159 90.8

Annual net household 
income (CAD) 

      

≤30,000 41 47.1 27 30.7 68 38.8

30,000 - 49,999 17 19.5 20 22.7 37 21.1

50,000 - 79,999 19 21.8 23 26.1 42 24.0

≥80,000 10 11.5 18 20.4 28 16.0

Abbreviations: n: number; %: percentage; CAD: Canadian dollars. 
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= 37) were permanent residents. Eight percent (n = 7) 
were tourists who had decided to stay in Canada, and 6.9 
% (n = 6) were refugees. More than half (54%) of the 
Mexicans were married; 42% of the Natives lived alone 
and 32.9% lived with a partner. Both groups were equal- 
ly educated. Finally, 47.1% (n = 41) of Mexicans had a 
net annual family income below 30,000 CAD, the lowest 
income category, whereas Natives’ incomes were more 
equally distributed across the four categories.  

3.2. Change in Body Weight  

Table 2 shows current and past body weight and BMI, 
ΔBW, and ΔBMI of both groups at corresponding peri- 
ods. Self-reported current BW [Mexicans 66.0 ± 1.5 kg 
(SEM); Natives 62.9 ± 1.0 kg (SEM)] was strongly posi- 
tively correlated (r = 0.98, P < 0.0001) with measured 
current BW [Mexicans: 66.5 ± 1.4 kg (SEM); Natives: 
64.0 ± 1.0 kg (SEM)], indicating that body weights were 
reported with good accuracy. On average, self-reported 
past BWs were similar between Mexicans [61.0 ± 1.2 kg 
(SEM)] and Natives [59.3 ± 0.9 kg (SEM)] (P = 0.676). 
Average BW increased by 5.5 ± 0.9 kg (SEM) for Mexi- 
cans and by 4.7 ± 0.8 kg (SEM) for Natives, showing no 
difference in average weight gain between the two 
groups (P = 0.600). Average BMI increased by 2.1 ± 0.3 
kg/m2 (SEM) in Mexicans and by 1.8 ± 0.3 kg/m2 (SEM) 
in Natives. No difference in BMI change was observed 
between the two groups (P = 0.470).  

Figure 1 shows ΔBW according to length of residence. 
In both groups, BW increased with length of residence. 
No differences were found between Mexicans and Na- 
tives in any of the three residence periods. 

3.3. Predictors of Change in Body Weight 

Table 3 illustrates a robust multiple linear regression 
model for ΔBW in Mexican women immigrants and Na- 
tives. This model explained 13% of variance (R2) in ΔBW. 
Age was collinear with length of residence and was thus 
excluded from the model. No difference in ΔBW between  

Mexicans and Natives was observed. However, BW in- 
creased by 0.34 kg for each year of residence (P = 0.003). 
ΔFat intake was generally positively associated with ΔBW; 
while the other variables and covariables remained con- 
stant, BW increased by 0.03 kg when fat intake increased 
by 1 g a day (P = 0.003). Participants with more educa- 
tion (≥13 years), seemed to have avoided gaining 4.33 kg 
compared with less educated participants (<13 years) 
when length of residence and other variables and co-va- 
riables remained constant (P = 0.007). The relationship 
between ΔBW and length of residence was similar for 
both groups. 

Robust partial regression models presented in Table 4 
show a negative association between ΔF, ΔV, and ΔFV 
and origin. According to these models, Mexicans decreas- 
ed their average fruit, vegetable, and fruit & vegetable 
intakes by 1.35 servings/day (P < 0.0001), 1.04 servings/ 
day (P = 0.0001), and 2.27 servings/day (P < 0.0001), res- 
pectively, compared with Natives after adjusting for edu- 
cation, income, and length of residence. No effect of ori- 
gin was observed on ΔFat. On the other hand, income 
was positively associated with ΔFat. For each 1000 CAD 
of net annual household income, average fat intake in- 
creased by 0.16 g/day (P = 0.04). The partial models ex- 
plained 10.4%, 8.2%, 13.2%, and 2.0% of variance (R2) 
in ΔF, ΔV, ΔFV, and ΔFat, respectively. 

4. DISCUSSION 

The present study showed that BW increases observed 
in the Mexican immigrants and native-born Quebec 
women could be predicted by length of residence, 
changes in fat intake (ΔFat), and education, but not by 
origin. Our results only partly support our hypothesis, in 
that, following their immigration to Quebec City, the 
Mexican women reduced their intakes of fruits and vege- 
tables but did not increase their fat intake compared with 
Natives. On average, the Mexicans decreased their fruit, 
vegetable, and fat intakes after immigration, but unex- 
pectedly, there was no association between changes in 
fruit (ΔF) and vegetable (ΔV) intakes and ΔBW. Rather, 

 
Table 2. Current and past body weight (BW) and BMI and the differences (current-past) in Mexicans (since immigration) and Na- 
tives (corresponding period). 

 Mexicans n = 87 Natives n = 88 
Comparison
Mexicans vs 

Natives 

 Past Current Δ1 P11 Past Current Δ2 P22 P33 

 MEAN SEM MEAN SEM MEAN SEM  MEAN SEM MEAN SEM MEAN SEM   

BW  
(kg) 

61.04 1.2 66.56 1.4 5.5 0.9 * 59.34 0.9 64.06 1.0 4.7 0.8 * 0.60 

BMI 
(kg/m2) 

23.65 0.4 25.87 0.5 2.1 0.3 * 22.45 0.3 24.27 0.4 1.8 0.3 * 0.47 

1P1 = P value T1 - T0 (Δ1) in Mexicans; 2P2 = P value T1 - T0 (Δ2) in Natives; 3P3 = P value Δ1 vs Δ2; 4Self-reported past body weight; 5BMI calculated from 
self-reported past body weight (kg)/height (m)2; 6Measured current body weight; 7BMI calculated from measured current body weight (kg)/height (m)2; *P < 
0.0001; P < 0.05 considered significant, two-tailed. 
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Figure 1. Changes in body weight (BW) (current-past) 
in the Mexicans (since immigration) (Δ1) and Natives 
(corresponding period) (Δ2) according to length of re- 
sidence. Values are mean ± standard of the mean 
(SEM). 1 - 5 years of residence (n = 45 Mexicans and 
36 Natives; P > 0.05), 6 - 10 years of residence (n = 26 
Mexicans and 28 Natives; P > 0.05), 11 - 20 years of 
residence (n = 16 Mexicans and 24 Natives; P > 0.05). 

 
Table 3. Robust multiple linear regression model for weight 
change in Mexicans since immigration and in Natives (n = 
175). 

Predictor Coefficient β SEM 95 % CI P > |t|

ΔF (servings/day) 0.33 0.22 −0.10 0.75 0.13 

ΔV (servings/day) −0.38 0.24 −0.85 0.10 0.12 

ΔFat (grams/day) 0.03 0.01 0.01 0.05 0.003

Origin (Natives) 1.04 1.65 −2.2 4.27 0.53 

Education  
(<13 years) 

−4.33 1.60 −7.5 −1.19 0.007

Net annual household 
income (thousands of 

CAD) 
0.02 0.01 −0.01 0.05 0.22 

Length of residence 
(years) 

0.34 0.11 0.12 0.56 0.003

Interaction Length of 
Residence*Origin 

−0.03 0.17 −0.36 0.31 0.87 

Abbreviations: n: number of subjects; β: beta coefficient; SEM: standard of 
the mean; CI: confidence interval; ΔF: change in fruit intake; ΔV: change in 
vegetable intake; ΔFat: change in fat intake; CAD: Canadian dollars. P < 
0.05 considered significant, two-tailed. 

 
changes in fruit, vegetable, and fruit & vegetable intakes 
were predicted by Mexican or Quebec origin. 

Mexicans’ weight gain corresponded to Natives’ lev- 
els. The observed lack of difference in weight gain be- 
tween both groups (Table 2) and lack of association be- 
tween increased weight and origin (Table 3) are consis- 
tent with other findings showing that immigrants (all ori- 

gins) living in Montreal, province of Quebec, or in To- 
ronto, in the neighboring province of Ontario, are not at 
higher risk of developing excess weight than non-immi- 
grants [23,24]. Also, in the present study, with additional 
years in Quebec City, BW of both Mexicans and Natives 
increased gradually. Higher BW associated with length 
of residence has been reported in Latino immigrants to 
the US and may be due to acculturation processes such 
as adopting some unhealthy practices of their new envi- 
ronment [25]. It may also be that the loss of supportive 
factors from the immigrants’ society of origin would re- 
sult in loss of healthy behaviors and their replacement 
with unhealthy behaviors [25]. 

The full regression model showed a positive associa- 
tion between weight gain and increased fat intake. As to- 
tal fat intake is representative of total energy intake, which 
is a key factor in weight change [26], this result is con- 
sistent with findings in other studies [27,28]. However, 
we observed on average a reduction of fat intake in Me- 
xicans (–15 g/day; P = 0.0008) and in Natives (–23 g/day; 
P < 0.0001). This result suggests that if the fat intake had 
been increased, the weight gain would have been greater. 
Nevertheless, in partial models, we observed that fat in- 
take increased by 0.16 g/day for each 1000 CAD of net 
family income earned per year, suggesting that higher in- 
come promotes fat intake. Furthermore, we cannot ex- 
clude the possibility that other factors not included in our 
model, such as consumption of other high energy food 
components (e.g. simple carbohydrates), physical activ- 
ity, pregnancy, or stress factors such as unemployment, 
may have exerted a greater influence than fat intake on 
weight gain.  

The negative association between ΔBW and education 
seen in the present study is consistent with that observed 
by Nayga [29], who found that knowledge was inversely 
related to the probability of developing obesity. However, 
we observed that even though 89.7% of the Mexicans in 
our sample had ≥13 years of education, they had gained 
weight. Low income [30], lack of time to prepare home- 
made food, colder climate, weak social network, family 
separation, unfamiliarity with the new place, and neces- 
sity of working outside the home [2] could be other con- 
founding factors. 

The partial robust models demonstrated that ΔF, ΔV, 
and ΔFV were associated with origin. Indeed, the Mexi- 
cans decreased their fruit (β = –1.35; CI –1.92 to –0.78, 
P < 0.0001), vegetable (β = –1.041; CI –1.56 to –0.51, P 
< 0.0001) and fruit & vegetable (β = –2.27; CI –3.18 to 
–1.36, P < 0.0001) intakes following immigration. These 
results are consistent with US studies showing that hi- 
ghly acculturated Latinos eat fewer fruits and vegetables 
than do those who are less acculturated [31]. These de- 
creases in fruit and vegetable intakes in Mexicans could 
be due to financial constraints [32]. Nearly half of the  
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Table 4. Robust partial multiple linear regression models for changes in fruit, vegetable, and fat intakes in Mexican immigrant 
women since immigration and in Natives (n = 175). 

 ΔF (servings/day) R2 = 10.4% ΔV (servings/day) R2 = 8.2% ΔFV (servings/day) R2 = 13.2% ΔFat (grams/day) R2 = 2.0% 

Predictor β 95% CI P > |t| β 95 % CI P > |t| β 95% CI P > |t| β 95% CI P > |t|

Origin  
(Native) 

–1.35 –1.92 –0.78 <0.0001 –1.04 –1.56 –0.51 0.0001 –2.27 –3.18 –1.36 <0.0001 0.13 –8.29 10.5 0.81 

Education 
(<13 years) 

0.68 –0.29 1.65 0.17 –0.53 –1.42 0.37 0.25 0.32 –1.23 1.88 0.68 4.31 –11.8 20.4 0.60 

Net annual 
household 

income 
0.005 –0.004 0.01 0.30 0.004 –0.004 0.01 0.33 0.01 –0.005 0.02 0.21 0.16 0.01 0.32 0.04 

Length of 
residence 

(years) 
0.008 –0.04 0.06 0.76 0.02 –0.03 0.07 0.40 0.05 –0.03 0.14 0.20 –0.69 –1.56 0.18 0.12 

Abbreviations: n: number of subjects; ΔF: change in fruit intake; ΔV: change in vegetable intake; ΔFV: change in fruit and vegetable intake; ΔFat: change in fat 
intake; β: beta coefficient; CI: confidence interval. P < 0.05 considered significant, two-tailed. 

 
Mexican women in this study had low incomes and could 
barely afford to buy fruits and vegetables. Other possible 
explanations include lack of knowledge about the fruits 
and vegetables available, different taste, and lack of time 
to prepare food [33-35]. Lack of consensus on what is 
considered a fruit or a vegetable and on what constitutes 
a serving of either could also hamper comparison of re- 
sults between studies, which could produce a bias. 

This study thus presents certain limitations. First, al- 
though we used the same standardized FFQ and proce- 
dures in both groups, there could be a cultural bias due to 
different perceptions of Mexican immigrants and Natives 
regarding their food intakes. Also, it was administered in 
two languages (Spanish for the study group and French 
for the comparison group) by a single trained interviewer 
who had the same culture and language as the study group. 
Second, memory bias cannot be completely excluded. To 
minimize such bias, we based our interview methodol- 
ogy on studies in which dietary intake was successfully 
evaluated in the past [36,37]. Finally, concern could be 
raised regarding the reliability of self-reported past body 
weight. In this regard, in a lifelong growth study in the 
US, long-term memory of BW covering up to 50 years 
was found to be reliable [38].  

In sum, results from this research identified ΔFat in- 
take, length of residence, and education, but neither ΔF 
or ΔV intakes nor origin, as predictors of ΔBW in Mexi- 
can-born immigrant women following their arrival in 
Quebec City. In this study, immigration to Quebec City 
was a predictor of ΔF, ΔV, and ΔFV in the study group 
of Mexican women. The results of this study support re- 
commending to both groups of women that they reduce 
fat intake to minimize weight gain, but especially Mexi- 
can immigrants with low education and income. Future 
studies with Mexicans and other subgroups of Hispanic 
immigrants [39,40] are needed to test determinants of 
obesity not assessed in this study, such as physical activ- 

ity, pregnancy, and chronic stressors related to adaptation 
to a new country. 
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