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A study was performed in a rural Mexican community and in Mexico City to investigate possible 
differences in non-starch polysaccharide (NSP) intakes. One hundred and fourteen women (My-five 
rural and fitty-nine urban) and forty-three men (twenty-four rural and nineteen urban) completed 
24 h r d  questionnaires for three consecutive days with NSP intakes being estimated from a 
specially prepared set of new food composition tables. Potential underestimation of intakes was 
assessed by estimating individual BMR and dividing the estimated energy intakes by BMR to give a 
ratio. Excluding severe underrecording (ratio < 1.01) suggested NSP intakes of 2143 and 17.3 g/d in 
rural men and women and 17.7 and 15.6 g/d in urban men and women respectively. NSP sources 
differed, with a marked fall in intake from pulses in the urban areas but a compensatory increase of 
tortilla intakes and a rise in NSP-rich fruit consumption. Both soluble- and insoluble-NSP intakes 
were higher in rural areas. NSP intakes scaled by probable energy intakes of moderately active 
adults in developing countries suggest that NSP intakes in Mexico are similar to adjusted values in 
Africa, i.e. 26.9 g/d in Mexico Y. 28.5 g/d in Africa in rural men and 22.9 v. 21.0 g/d respectively in 
rural women. The NSP : energy density ratio (g/MJ) of the rural diet conformed with the World 
Health Organization (1990) goal. Data available on urban and rural communities for three countries 
showed that in each case the intake of NSP was lowest in the urban community. 

Non-starch polysaccharide intakes: Dietary fibre: Adults 

The importance for health of adequate NSP intakes is becoming widely accepted by 
national committees concerned with public health in the Western world. Analyses have 
been made, for example, of the possible effects of diets low in NSP on the incidence of 
metabolic diseases such as overweight and obesity (Weinsier et al. 1982; Garrow, 1988), 
diabetes (Goulder et al. 1978; Vinik 8 Jenkins, 1978; Jenkins, 1988), coronary heart 
disease (Moms et al. 1977; Kromhout et al. 1982; Kushi et al. 1985), gallstones (Heaton et 
al. 1993) and large-bowel cancer (Willett, 1989; Cummings et al. 1992). Such issues are of 
particular importance in Mexico because the proportion of deaths from non-communicable 
diseases has substantially increased in recent years (Bobadilla et al. 1993). There is also 
concern amongst the medical profession about the increases in national rates of both large 
bowel cancer (Villalobos et aE. 1990) and coronary heart disease (Secretm’a de Salud, 
1991), and in most developing countries this has been seen particularly in urban com- 
munities (Shchez-Castillo et al. 1994~). 
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During the past 50 years Mexico has undergone major economic and social change 
with associated changes in the food chain as local industrial production of new foods 
increases. The nutritional transition is amplified by the compositional differences between 
processed foods and traditional foods. Tortillas, for example, are now produced both 
industrially and by customary cooking and baking methods at home or at small market 
stalls. The importation of new food products, e.g. ready-made foods mainly from the USA, 
is also having an impact. These trends in food processing and food imports, with the 
support of mass media advertising, are thought to be changing typical food habits. 

The traditional Mexican diet, based on maize and beans, has been assumed to have a 
high NSP content. However, the original proposition on the importance of fibre-rich foods 
(Burkitt, 1971, 1972) was not based on reliable data for the NSP content of foods from the 
developing world and there are still no data on NSP intakes in any Latin-American country. 
NSP intakes used not to be of serious concern in Mexico but they are assuming greater 
importance as consumers are persuaded by advertising to consume special processed ‘fibre- 
rich products’ to maintain health. These new products appear to have no more NSP than the 
traditional foods. Recently Shchez-Castillo et al. (1994c, 1995) published analyses of the 
NSP in Mexican pulses, cereal products, fruits and vegetables which allow a more detailed 
analysis of the Mexican diet in transition. 

The impact of industrially produced foods is greatest in cities but it is not known how 
much NSP intakes differ between those consuming a typical urban diet and those 
consuming traditional diets. An assessment of NSP intakes and sources was therefore made 
both in a rural setting and in Mexico City. The rural area, inhabited by a traditional peasant 
society, is believed to have escaped most of the advertising media’s influence and 
inhabitants have greater difficulties in purchasing new food products. The area has kept to 
its food traditions with maize and beans remaining central to the diet and with only modest 
intakes of industrially manufactured foods. Inhabitants also have direct access to locally 
produced vegetables and fruit. Mexico City was chosen as the other site because there the 
impact of the lay press and of advertising is considered to be at its most extreme (Sgnchez- 
Castillo et al. 1989). 

The objective of the present study was to investigate urban-rural differences in NSP 
intake as a possible contributor to the development of those chronic diseases seen in urban 
dwellers (Sanchez-Castillo et al. 1994~). 

SUBJECTS AND METHODS 
Selection and recruitment of subjects 

Rural area. The study was conducted in Malinalco, a small town 200 km south west from 
Mexico City at an altitude of 2660 m. It has a health centre, run by the National Institute of 
Nutrition (INNSZ), which helped to facilitate the survey and ensured both good 
communication with the population and a high compliance rate from the volunteers. The 
study was undertaken during February and March 1991, a hot period of the year when the 
average temperature is 25”. A random sample of 100 adults between the ages of 20 and 64 
years was selected from the health centre register which covered the eight ‘barrios’ or 
districts of the town. Those selected were invited to attend a meeting at which the study 
was explained; a total of seventy-eight (twenty-three men and fifty-five women) agreed to 
participate. 

Urban area. The urban study was conducted in the Tlalpan District of Mexico City. 
Considered one of the most densely populated cities in the world, Mexico City is built on a 
plateau approximately 2200 m above sea level. The study was undertaken between March 
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and May 1992, when the average temperature is about 20”. From a randomly selected list 
of 100 adults on the health centre register for the whole district, seventy-six volunteers, 
nineteen men and fifty-seven women aged between 20 and 64 years were obtained. 

Study design 
The volunteers were fully informed about the nature of the project, which had been 
approved by the Ethical Committee of the INNSZ. The aim of the study was explained in 
detail to the volunteers who then agreed to their food intake being assessed over three 
successive days. The day before the study began they were visited at home and asked to 
complete a general questionnaire. To provide background information, their weights, 
heights and skinfolds were measured at the health centres by the same observer throughout. 
Height was measured with a Microtoise (CMS Weighing Equipment Ltd, London); weight 
was measured in light clothes but without shoes on a Toledo scale, model 2181 (Mettler- 
Toledo, Colonia Atlampa, Mexico). A Lange Skinfold caliper (Cambridge Scientific 
Industries, Cambridge, MD, USA) was used for the skinfold measurements and body fat 
was estimated from the sum of four skinfolds (biceps, triceps, subscapular and suprailiac) 
using the method of Durnin & Womersley (1 974). 

Collection of food data in rural and urban Mexico 
Three successive daily assessments of food eaten in the previous 24 h were made through 
interview. At both centres the clinics were open 7 d per week and subjects were 
interviewed when convenient. In effect the 3 days assessed can be considered as a random 
set of three successive days. The differences between weekend and weekday diets are 
believed to be small and there was no difference in the pattern of attendance days between 
the two groups. Thus, it is reasonable to accept all group means as representing an average 
over 7 d. The recall method for assessing the food quantitjes consumed was simplified by 
comparing them with local household measures. The volumes of different sized cups, 
‘jarros’, bowls, glasses and spoons were obtained by determining the weight of water 
contained in a full vessel. The volumes of the various local popular drinks,  e.g. atole, 
coffee etc., were converted to weights by using appropriate density factors. Locally 
produced foods, such as tortillas and bread bought in the local weekly market or ‘tianguis’, 
were sampled to obtain their average weights. Other items, including those for which single 
items may differ in size, such as eggs or fruit, were sampled in order to obtain an average 
weight. Similarly, processed foods were sampled to check the weight of the packaged food. 

Two fieldworkers were used, one at each centre. Each had a thorough knowledge of the 
food habits and of the commonly eaten foods in their study area. They also followed a 
standardized protocol for the collection of data and were trained to monitor the volunteers’ 
food intake with minimum interference. Interviews for repeated dietary assessments were 
held at a fixed time of day either in the volunteers’ place of work or in their home. 

The coding of dietary records: conversion into energy and$bre intakes 
A combination of direct analysis and food composition tables was used to form estimates 
of energy and NSP intakes from estimates of consumption of up to 293 distinct food items. 
The energy values of food quoted in the Mexican food composition tables (Hernandez et 
al. 1980) were used to calculate energy intakes. For some manufactured foods and 
beverages where no local data were available, the energy values were based on comparable 
foods and d r i n k s  in the British food tables (Holland et al. 1991a,b,c). The NSP content of 
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foods was assessed by direct analysis (Shchez-Castillo et al. 1994a, 1995) due to the 
absence, for Mexican foods, of information based on modern analytical techniques 
(Sinchez-Castillo et al. 1994b). The food samples chosen for analysis were representative 
of those consumed by the local population. 

For a few foods Mexican NSP values were not available so estimates were taken from 
British food composition tables (Holland et al. 1991a,b,c) or published literature (Englyst 
et al. 1988, 1989; Hudson & Englyst, 1995). When no data were available for a food the 
fibre content was estimated by reference to another food within the same group. Once the 
food data had been collected, the information recorded on the survey forms was checked 
carefully, coded and entered into a computer database. The nutritional intakes were 
calculated using software developed at the Rowett Research Institute, Aberdeen. This 
software is based on the Oracle Relational Database Management System and uses data 
from the UK National Nutrient Data Bank. The NSP and energy intakes were calculated 
from the weights and types of foods consumed. 

The cellulose fraction of NSP in Mexican foods was not determined in the NSP 
composition studies (Shchez-Castillo et al. 1994c, 1995) and the reported glucose values 
included cellulose. To compare our dietary data with international studies we required 
estimates for cellulose and for non-cellulosic glucose fractions. These were obtained using 
international data (Englyst et al. 1988, 1989; Hudson & Englyst, 1995) on the proportion of 
cellulose and glucose in similar foods. 

Validation of the dietary data 
The 24 h dietary recall method tends to lead to bias due to under-reporting of energy intake 
especially in obese subjects (Bingham, 1991) but the proportional bias is believed to be 
similar for each of the macronutrient components of energy. The extent of under-reporting 
of intakes was assessed using the energy intake (E1):BMR ratio. Energy intake, for 
subjects in energy balance, is equal to the sum of the basal metabolism, dietary 
thermogenesis and energy expended in physical activity. This sum when divided by the 
BMR is called the physical activity level (PAL; James & Schofield, 1990). Thus, we may 
use the EI : BMR ratio as an estimate of PAL. BMR was predicted from age and weight 
(Schofield et al. 1985; World Health Organization, 1985). A threshold value of EI : BMR 
(PAL) = 1.01 was used to indicate where under-reporting had occurred, as recommended 
by Goldberg et al. (1991). The use of a threshold such as this is intended to reduce bias so 
that subjects who satisfy the criterion provide data which is considered more representative 
of the group. Checks on the included and excluded subjects failed to show consistent 
differences between them so it was concluded that comparisons between groups were not 
markedly affected by those excluded. 

Calculations and statistical methods 
The NSP intake from each food was estimated by multiplying the portion size by its NSP 
content. The NSP intake was then calculated by summing all foods which made up an 
individual’s daily intake. Unweighted means of the three 1 d measurements of NSP intake 
were calculated for each subject. Subjects were classified by age into two age bands, up to 
30 years (young) and over 30 years (older). Thus there were eight groups in all, formed by 
combinations of the three factors: community, sex and age. The effects of these factors on 
the intake and composition of the NSP were investigated through ANOVA techniques for 
unbalanced data and generalized linear models using the statistical analysis package 
Genstat 5 (Genstat 5 Committee, 1987). Unless otherwise stated significance tests were 
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performed at the P = 0.05 probability level. Between- and within-subject components of 
variance for NSP intake and some of the NSP fractions were determined assuming no auto- 
correlation effects and are expressed as coefficients of variation. These components were 
used to check if 3 d was long enough for monitoring food intake. 

Standardizing intakes 
Generally speaking, heavier individuals have greater intakes than lighter ones. Tables of 
intake of energy, NSP, and components of NSP will therefore show a somewhat repetitive 
story determined in part by body weight. Thus, for example, we may expect for all 
constituents that intake is greater for males than for females. Also when total intake is 
incorrectly reported then so will be most, or all, of the constituents. A clearer picture of the 
diet often emerges from scaling the data to allow assessment of relative changes. For 
energy and NSP data two forms of standardization are frequently used, namely, 
standardization by BMR and standardization by energy intake. Thus, for example, energy 
intake scaled by BMR (EI : BMR) is commonly used to reduce the effects on intake caused 
by weight differences while NSP scaled by energy intake helps to highlight NSP-rich diets, 
The NSP constituents can also be standardized by total NSP intake or by some component 
of that intake. In practice this normally takes the trivial form of expressing constituents as a 
proportion of the whole, e.g. cellulose intake expressed as a proportion of insoluble NSP 
intake. We present both actual intakes and standardized intakes. 

RESULTS 
General Characteristics of subjects 

Table 1 shows the general characteristics of the subjects. The rural group were on average 
6 years younger than the urban group. The men were approximately 10 kg heavier than the 
women and the women in the urban group were about 6 kg heavier than those in the rural 
community. Some of the weight differences were caused by height differences, the urban 
group being on average about 25 mm taller than the rural group. The sex difference in body 
weight disappeared when the weights were expressed as BMI but the urban group had a 
higher BMI than the rural group (26.1 v. 24.6), this difference being statistically significant 
(P < 0.05). The women carried on average over 10 % more fat than the men and the urban 
group some 4.5 % more fat than the rural group. 

Table 1. Age, height, weight, BMI, percentage fatness and estimated BMR of rural and urban 
Mexican subjects tabulated by  sex, community and age 

(Mean values and standard deviations) 

Age Height Weight BMI Fatness BMR 
(years) (m) 0%) (kg/m2) (Q) W / d )  

Subjects n Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Men: Rural 23 35.7 11.0 1.63 0.06 67.8 8.4 25.6 3.4 22.1 4.7 7.0 0.55 
Urban 19 39.3 15.4 1.67 0.07 69.6 10.5 25.1 3.7 25.3 6.6 6.94 0.55 
-= 30 years 16 25.1 1.66 0.06 65.9 8.7 23.9 3.6 20.1 4.9 7.06 0.56 
=- 30 years 26 44.9 1.64 0.07 70.3 9.5 26.2 3.2 25.6 5.3 6.92 0.54 

Women: Rural 55 32.1 11.7 1.51 0.06 54.7 11.0 24.1 5.3 31.2 6.8 5.38 0.54 
Urban 57 38.5 11.0 1.53 0.06 61.8 11.9 26.4 4.7 36.0 4.9 5.71 0.49 
(30 years 51 25.3 1.53 0.05 52.8 8.5 22.6 3.3 29.6 5.5 5.33 0.52 
>30years 61 43.8 1.51 0.06 62.9 12.5 27.5 5.3 37.0 4.9 5.73 0.49 
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Validating intakes 
The PAL values were estimated by the EI : BMR ratio and are displayed in Table 2. The 
cut-off value of 1.01 for specifying under-reporting allowed for both between- and within- 
subject variability in intake and BMR, and is the lowest reported value likely to be 
compatible with the true intake of an individual in a population with a mean PAL of 1.55 
when intake is measured over a 3 d period. Tables 3-10 are based on only those individuals 
with a PAL value greater than 1.01. 

Dietary energy 
Table 3 shows the estimated dietary energy intakes for both communities and sexes. As 
expected, a highly statistically significant difference in dietary energy was found between 
the sexes (P  < 0.001) with men eating more than women. There was no significant 
difference in energy intake between the two communities or between the age groups. No 
significant differences in PAL were observed between the eight group. 

NSP: soluble and insoluble 
The average daily intake of total NSP was 17.4 g (Table 4) and about 41 % of this was 
soluble. Intake by males was greater than that by females (19.8 v .  16.5 g) reflecting the 
greater food intake of males. The rural group had a higher intake than the urban group 
(18.6 v .  16.2 8). Much of the difference between the intakes of the two communities and 
the two sexes was attributable to a very high intake by young rural males (mean 26.9 g), 
older males having an intake (17.0 g) similar to that of the women. 

In comparing the soluble and insoluble NSP intakes with the total, it should be noted 
that about 0-5 g/d or 3 % is associated with foods for which no information on the division 
between soluble and insoluble NSP was available. No attempt was made to guess 
appropriate figures for these small contributors so the sum of the soluble and insoluble 
fractions is slightly less than the total NSP value. Intakes of both soluble and insoluble NSP 
reflected the total NSP. Intakes of both fractions by older men were similar to those of 
older women whereas intakes for young men were approximately 42 % higher than those 
for young women. However, although the intakes of both soluble and insoluble NSP were 
highest for the rural group, the rural-urban difference was greater for soluble intakes 
(1-59 g/d) than for insoluble intakes (difference 0-84 g/d). 

Table 2. Distribution (%) of rural and urban Mexican subjects with different estimated physical 
activity levels (PAL; energy intakelestimated BMR) for each combination of community and 

sex (all subjects) 

Men Women 

PAL Rural Urban Rural Urban 

< 0.75 
< 0.75-1.00 
1.00-1.25 
1.25-1.50 
1.50-1.75 

4 
13 
48 
17 
17 

5 
5 

26 
37 
26 

9 0 
4 25 
31 37 
22 21 
28 18 
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Table 3. The mean energy intake and estimated physical activity level (PAL)* tabulated by 
community, sex and age for rural and urban Mexican subjects with PAL > 1-01 

Energy intake 
Subjects n (MJ/d) PAL 

Men: Rural 
Urban 
< 30 years 
> 30 years 

Average SEM 

Women: Rural 
Urban 
< 30 years 
> 30 years 

Average SEM 
Significancet 

18 
17 
15 
20 

48 
43 
44 
47 

9.35 
10.14 
9.96 
9.57 
0.46 
7.37 
7.19 
7.50 
7.63 
0.30 
S 

1.31 
1.44 
1.40 
1.35 
0.074 
1.39 
1.34 
1.41 
1.32 
0,049 
- 

S, sex effect. 
*PAL = energy intake/estimated BMR. 
?Entries indicate effects which are statistically significant at the P = 0.05 probability level. 

Energy standardized intakes were similar for both sexes but were much higher in the 
rural than in the urban community (Table 5).  Even after standardization the effect of age on 
intake differed between the two sexes but then the difference was explained mostly by a 
low mean for the older males (1.74 g/MJ). 

Also shown in Table 5 are the means for soluble NSP expressed as a proportion of the 
total. For this proportion there was no influence of either sex or age but it was greater in the 
diets of the rural community than in those of the urban community. 

Table 4. Mean intake of total NSP, soluble and insoluble NSP tabulated by community, sex and 
age for rural and urban Mexican subjects with physical activity levels (PAL)* > 1.01 

Non-starch polysaccharides (g/d) 

Subjects Total Soluble Insoluble 

Men: Rural 21.81 8.84 12.40 
Urban 17.72 6.67 10.46 
< 30 years 23.62 9.20 13.84 
> 30 years 16.98 6.73 9.67 

Average SEM 1.40 0.62 0.68 
Women: Rural 17.32 1.32 9.65 

Urban 15.64 5.93 9.20 
< 30 years 16.52 6.16 9.32 

Average SEM 0.93 0.41 0.58 
=- 30 years 16.54 6.57 9.55 

Significancet C,S,SA C,S,SA S,SA 

S, sex effect; C, community effect; A, age effect; SA, sex x age interaction.. 
*PAL =energy intake/estimated BMR. 
tEntries indicate effects which are statistically significant at the P = 0.05 probability level. 
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Table 5. Mean total, soluble and insolublefractions of NSP intakes of rural and urban Mexican 
subjects standardized by estimated dietary energy intake, with theoretical physical activity 

levels (PAL*) used to scale up to estimated total NSP intakes 

World Health Or- 
ganization (1990) 

NSP intakes standardized by Predicted Total NSP average 
observed energy intake (g/MJ) total NSP population 

Soluble NSP/ 
Subjectst Total Soluble Insoluble Total NSP$ (g/d) PAL. g/MJ g/d 

Men: Rural 2.20 0.91 1.30 0.42 28.5 1.86 
Urban 1.73 0.67 1.06 0.40 20.1 1.67 

Average SEM 0.146 0,064 0.093 0.014 

Women: Rural 2.31 1.00 1.32 0.44 21.0 1.69 
Urban 1.97 0.77 1.20 0.39 18.0 1.60 

2.2-2.3 16-24 

Average SEM 0.096 0,042 0.062 0.010 
Significance9 C C C C 

C, community effect. 
*PAL = energy intake/estimated BMR. 
?Subjects with PAL > 1.01 only. 
1The NSP was divided into soluble and insoluble fractions only. 
§Entries indicate effects which are statistically significant at the P=O.O5 probability level. 

Table 6. Proportions of total NSP intake as cellulose (Cell), uronic acids (Ur Acid), arabinose 
(Ara), xylose (Xyl), glucose (Glu), mannose (Mann) and galactose (Galac) plus pentose sugars" 

and hexose sugars? tabulated by community and sex for rural and urban Mexican subjects 

Subjects1 Cell Ur Acid Ara Xyl Glu Mann Galac Pentose Hexose 
sugars sugars 

Men: Rural 0.23 0.16 0.18 0.19 0.105 0.035 0.084 0.37 0.22 
Urban 0.25 0.20 0.17 0.19 0.076 0.032 0.082 0.36 0.19 

Average SEM 0~006 0.013 0.006 OWJ8 0.006 0.002 0.002 0.012 0,008 

Women: Rural 0.22 0.18 0.17 0.18 0.099 0.037 0.086 0.36 0.22 
Urban 0.25 0.20 0.17 0.18 0.072 0.027 0.084 0.35 0.18 

Average SEM 0.004 0.010 0.004 0.005 0.004 0.001 0.001 04@9 0.006 
Significance5 C C - C C C - - - 

C, community effect. 
*Arabinose and xylose. 
tGlucose, mannose, and galactose. 
$Subjects with physical activity levels (PAL) > 1.01 only. PAL = energy intake/estimated BMR. 
$Entries indicate effects which are statistically significant at the P = 0.05 probability level. 

Component sugars 
In all, seven sugars were assessed, namely, cellulosic glucose, uronic acid, arabinose, 
xylose, non-cellulosic glucose, galactose and mannose. It is convenient to group arabinose 
and xylose under the heading of pentose sugars and glucose, galactose and mannose under 
hexose sugars. The mean intakes of these sugars are presented in Table 6 as proportions of 
total NSP intake. A simple picture emerges: the diet for the urban community had 
approximately 3 % more cellulose, 2 % more uronic acid and 4 % less hexose sugars than 
that for the rural community. There was no evidence for an effect of sex or age on these 
proportions. 
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The proportions of pentose sugars in the diet were the same for all study groups and 
there was no effect on the relative amounts of arabinose and xylose. Among the hexose 
group the dominant effect was seen on the glucose estimated fraction, for of the 4 % 
difference between the communities, some 3 % was attributable to glucose alone. Values 
for variance components were determined for energy, total NSP, soluble NSP, insoluble 
NSP, NSP/energy and for the proportion of total NSP which was soluble. For each subject 
the variance of the mean intake over k days is Vb+Vw/k where Vb and V, are the 
between-subject and within-subject variance components. In effect the second component 
corresponds to measurement error and will, for example, cause reductions in the inter- 
subject correlation coefficients. We would like V,/kVb to be small. However, in this 
investigation the ratios were generally in excess of 0.5 suggesting that a longer period of 
assessment (i.e. bigger values of k) would have been warranted. 

DISCUSSION 
Studies on intake based on dietary recall are beset with problems of variability and under- 
reporting. In the present study it would have been advantageous to monitor the diet for up 
to a week and there was clearly a problem of under-reporting. The cut-off values 
recommended by Goldberg e f  al. (1991) allowed the sample to be reduced to those for 
whom reporting problems were considered not to be extreme. Tests to see whether the 
probability of rejecting a subject was influenced by community, sex, age or their weight 
proved negative so there was no evidence that rejecting the under-reporters introduced bias 
into the comparison of rural and urban results. 

The original sample contained more women than men from both communities but this 
did not cause undue concern because the proportion of men was similar for the urban and 
the rural areas. However, in the rural group the majority of the women were aged 30 years 
or less whereas in the urban group the majority were aged over 30 years. It was therefore 
desirable to make comparisons with the possible effect of age taken into account. 

It was expected that total intakes would vary between groups but that within 
communities the structure of the diet would not be greatly influenced by sex or age, since 
members of any family would tend to eat similar foods. The quantity of NSP consumed to 
some extent depends on the total food intake so there was advantage in standardizing the 
data by the calculated total dietary energy. When the total NSP intakes were standardized 
for energy intake and the components of NSP expressed as proportions of the total the 
effects of both sex and age disappeared but differences between the communities in NSP 
intakes remained. The extra intake of NSP by the rural community was also accompanied 
by differences in the intake of some sugars. Thus the intakes of hexose and pentose sugars 
as well as soluble NSP were higher in the rural group. 

Adjustment for under-reporting 
Bingham (1991) has estimated that the systematic bias in under-reporting 24 h recall data 
may amount to 20 % but this value is likely to differ considerably between cultures. By 
expressing energy intake in relation to BMR the estimated PAL values provide an indicator 
of the degree of under-reporting. Thus, for the subjects to be in energy balance, a true 
intake corresponding to a PAL of 1.2 is compatible with complete bed rest and a PAL of 
1-35 with extremely sedentary behaviour (Black et al. 1991). Yet in both rural and urban 
parts of Mexico the adults studied had to work for their living with few mechanized aids in 
the home and few had cars or ready access to transport. Their work patterns would be 
classified as of moderate activity. The Food and Agriculture Organization/World Health 
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Organization/United Nations University report (World Health Organization, 1985) 
suggested that desirable intakes when engaged in light activity should amount to 1-55 
PAL and for moderate activity should be 1.78 in men and 1.64 in women. James & 
Schofield (1990), in an analysis of rural and urban activity patterns in developing countries, 
suggested a series of PAL values as approximate estimates for adults living in similar 
conditions to those in Mexico. If these theoretical values are used with the assumption that 
there was no selective under-reporting of the intake of particular foods, then Table 5 
provides an alternative estimate of the NSP intakes of adults. Comparison of these 
estimates with Table 3 suggests a degree of under-reporting of the order reported by 
Bingham (1991). 

The energy intakes of the rural groups were not higher than those of the respective 
urban groups although it might be expected that the work levels are higher for the former. 
However, Ferro-Luzzi (1996), in recent extensive analyses of physical activity in 
developing and developed countries, concluded that activity levels were not necessarily 
higher in developing countries and this feature may also prove to be true of suggested 
urban-rural differences. Thus rural women often confine their activities to the minimum 
household or agricultural tasks whereas urban women may be forced to undertake a full- 
time job as well as looking after the household. New data on energy expenditure in rural 
and urban communities in developing countries is needed to resolve this issue. 

For comparison, Table 5 also includes population goals for NSP intakes suggested by 
the World Health Organization (1990). Rural adults conformed with the suggested goals 
whereas the urban adults had an NSP/unit energy which had fallen below the population 
goal. The daily intakes we report are not strictly comparable with the population goals 
because the latter take account of the smaller intakes of children. 

Comparison of NSP intake with other countries 
Values for NSP intake from other countries presented by Cassidy et al. (1994) and the 
Commission of European Communities (1993) are displayed in Fig. 1. The reported intakes 
in Mexico are higher than those in European countries, Australia and USA but similar to 
those in India and Africa. When the Mexican and African data were adjusted for estimates 
of total energy intake, total NSP intakes for rural Mexican men and women were similar to 
those in Africa. NSP intakes in Indian men were comparable to those in urban Mexican 
men. 

Urban and rural NSP intakes in Mexico can be compared with those reported in the 
International Agency for Research for Cancer study on large-bowel cancer in Scandinavia 
(International Agency for Research on Cancer Large Bowel Cancer Group, 1982). In 
Mexico the average intake of NSP is higher than those for the Scandinavian countries and 
if pulses and vegetables are not distinguished then most of this difference can be ascribed 
to greater intake of fruit in Mexico. Comparison of rural and urban groups within the three 
countries shows the NSP intake of urban groups to be less than that of the respective rural 
group (Table 7). However, the countries differ in how this reduction was achieved. In 
Denmark intake was reduced roughly in proportion for all groups of foods whereas for 
Finland the reduction was chiefly restricted to cereals and for Mexico to pulses. 

Given the increasing interest in the selective protective effects of vegetable and fruit 
intakes on the development of cancers and coronary heart disease, studies on NSP intakes 
need to include careful assessment of both the sources of NSP and the intake of a range of 
bioactive components which these NSP rich plant foods contain. NSP may then prove to be 
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Fig. 1. NSP intakes in developed and developing countries. All values, except the African data (Commission of 
European Community, 1993) and the Mexican data (present study), are taken from Cassidy et al. (1994). The African 
data, where intakes from two meals supplied 80 % of energy intake, were corrected to 100 % of energy intake as 

; the expected NSP intake in Mexico is also given (M) as calculated from presumed physical activity 
level values given by James & Schofield (1990) for adults living in developing countries. 

Table 7. The total NSP intake and its sources in men from rural and urban communities in 
Scandinavia and Mexico 

Country TotalNSP Cereals Pulses Vegetables Fruits Others - -  - -  
g/d g/d (a) g/d (a) g/d (%I g/d (96) g/d (%) 

Denmark 
5.0 (28) 2.0 (11) 0.5 (3) 
3.4 (26) 1.3 (10) 0-7 (5) 

1.1 (6) 0.7 (4) 
4.2 (29) 1.0 (7) 0.6 (4) 

RUral 18.0 10.4 (58) - 
Urban 13.2 7.8 (59) - 

Urban 14.6 8.8 (60) - 

Finland 
Rural 18.4 13.4 (73) - 3.1 (17) 

Mexico (present study) 
RUral 21.8 10.9 (50) 4.4 (20) 3.1 (14) 3.5 (16) 0.02 (0.1) 

9.9 (56) 1.2 (7) 2.7 (15) 3.9 (22) 0.07 (0.4) Urban 17.7 

a useful marker of the dietary intakes of plant foods whose principal benefits depend on 
their content of phytoprotectants. 
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