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Abstract 
DREWNOWSKI, ADAM, SUSAN AHLSTROM HEN- 
DERSON, AMY BETH SHORE, CLAUDE FISCH- 
LER, PAUL PREZIOSI, SERGE HERCBERG. The fat- 
sucrose seesaw in relation to age and dietary variety of 
French adults. Obes Res. 1997;5:511-518. 
Guidelines for a healthy diet often recommend limiting 
dietary sugars and fats. Some researchers have called 
these aims mutually incompatible, suggesting that fat 
and sugar intakes, when expressed as percent dietary 
energy, are inversely linked. Others have argued that 
sugar, more specifically sucrose, acts as a vehicle for 
dietary fat and serves to suppress the overall quality of 
the diet. This study examined the relationship between 
age, sucrose and fat intakes, body mass index (BMI), and 
measures of dietary diversity and variety in a commu- 
nity-based sample of 837 French adults. Consistent with 
other studies, high consumption of added sucrose (in 
g/day or g/lOOO kcal per day) was associated with higher 
consumption of energy and fat and lower consumption 
of vegetables and fruit. However, eating patterns were 
strongly influenced by age. High-sucrose consumers 
were significantly younger and had lower BMI values 
than did low-sucrose consumers, who were both older 
and had higher BMIs. High-sucrose diets had minimal 
effect on the diet diversity score and were associated 
with more varied diets, as evidenced by a higher dietary 
variety score. 
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Introduction 
The relationship between fat and sugar intakes and the 

degree of being overweight has been the focus of many 
clinical and epidemiological studies (5,7,12,17). Some in- 
vestigators have reported an inverse relationship between 
added sugars and fats when the two were expressed as per- 
cent energy (7,12). This fat-sugar seesaw was reported for 
added or extrinsic sugars, that is, sucrose ( 12), as well as for 
total sugars (17), and held moreover, within and across 
populations. The reciprocal relationship between dietary 
sugar and fat was further said to be a causal one, such that 
any attempt to limit sucrose intakes would result in a cor- 
responding increase in fat consumption (7,12). Accordingly, 
dietary guidelines to reduce the consumption of sugar as 
well as fat, still the most common strategy for weight con- 
trol, were described by some investigators as being mutually 
incompatible (7). 

The opposing view has been that added sucrose, far 
from limiting fat intake, serves as a vehicle for dietary fat by 
making fatty foods more palatable (5). In a study published 
in the United Kingdom (3, elevated consumption of added 
sucrose was associated with a higher consumption of fats in 
confectionery and sweets, lower consumption of fruit, and a 
static consumption of vegetables. Those researchers con- 
cluded that without sucrose in the diet, most of the fat would 
not have been eaten, and argued that increased sucrose con- 
sumption suppressed the overall quality of the diet. That 
study (5) sparked considerable controversy regarding the 
fat-sugar seesaw and the contribution of added sucrose to 
diet quality as well as the maintenance of bodyweight 
(6,10,18,24). 

The proportion of sucrose in the diet changes with age. 
Most studies on the fat-sugar seesaw have not taken the age 
variable into account. Studies have either used overly broad 
age categories (17) or failed to stratify subjects by age al- 
together (5,7,12). Some studies cited in support of the fat- 
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sugar seesaw were based on subjects aged 18 years to 85 
years ( 13) or 19 years to 50 years ( 17), whereas the contrary 
report (5) was based on subjects aged from 25 years to 69 
years, an extremely broad age range. Finer distinctions by 
age were not made, and fat and sugar consumption data 
across different age groups were not shown. 

The consumption of added sugar, whether expressed in 
terms of total g/day or as percent daily energy, generally 
declines with age (3,8). In contrast, although the amount of 
fat consumed (in g/day) also declines with age, the percent- 
age of fat energy remains approximately stable, at least as 
shown in U.S. data sets (19). Furthermore, younger people 
who consume substantially more energy, sugar, and fat than 
do older people generally have lower body mass index 
(BMI) values (20). Unless the data are stratified by age, it is 
quite possible to obtain significant inverse correlations be- 
tween energy intakes and body mass, as reported by Hill and 
Prentice ( 1  2), or between sugar intakes and body mass, as 
reported by Gibney et a1 (7). 

Some investigators ( 1  2) have argued that the inverse 
correlation between BMI and total energy intakes (19) is an 
artifact created by underreporting of food intake by subjects 
who are overweight. An alternative explanation is that the 
heavier subjects are also older and therefore eat less. To wit, 
NHANES I1 data ( 1  9,20) clearly show that 1 8-year-old to 
24-year-old men had a median BMI of 23.0 and consumed 
a median of 273 1 kcal/day. In contrast, men in the 55 to 64 
age group had a median BMI of 25.8 and consumed a me- 
dian of 1966 kcal/day. An inverse correlation exists between 
energy intakes and BMI that is modulated by activity levels. 
Although underreporting of intake may also play a role, the 
primary effect appears to be that of age. 

Past studies on the fat-sugar seesaw have examined 
both U.S. and European data sets. Although the distinction 
between sucrose and total sugars was not always made 
clear, the U.S. sugars data base included total sugars from 
nutritive sweeteners such as sucrose, corn syrup, honey, and 
molasses (17). In contrast, the European data sets cited by 
previous researchers (7,12) typically referred to added or 
refined sugars, which consist chiefly of sucrose (5,6,10, 
18,24). 

Analyses of data from the U.S. 1977 to 1978 Nation- 
wide Food Consumption Survey ( I  7) showed that high con- 
sumers of added total sugars had a significantly lower per- 
centage of dietary energy from fat than did moderate sugar 
consumers. Interestingly, it was noted that high-sugar con- 
sumers (g/kg) in the 19-year to 50-year age group tended to 
select more sweets and other sugar-rich foods but weighed 
significantly less than did moderate consumers (1 7). That 
observation is wholly consistent with the notion that high- 
sugar consumers were in fact younger and more active. 

Another study, of 1 1,000 Scottish men and women, not 
stratified by age, showed a strong inverse relationship be- 

tween intakes of added sucrose and the prevalence of obe- 
sity that was particularly marked for men (1) .  Other re- 
searchers (7,12) have also observed that high consumers of 
added sucrose tended to be thinner, thus contributing to the 
notion that sugar intake and obesity were inversely linked. 
Again, the issue of age was left unexplored. 

Another argument touched on diet quality issues. In 
some studies, elevated energy intakes were associated with 
higher consumption of added sucrose and fat (in g/day) ( 1  8). 
Some researchers believe that this pattern simply reflects 
the fact that large and active people have higher energy 
needs and consume an energy-dense diet that includes a 
greater proportion of sucrose and fat (24). The counterar- 
gument (10) has been that people who eat more sucrose do 
not eat more of everything. Specifically, they tend to con- 
sume more foods containing fat and eat less complex car- 
bohydrates, fiber, vegetables, and fruit (10). As a result, the 
quality of the diet is said to deteriorate as sucrose intakes 
rise (lo), with potential consequences to overall health. 
However, diet quality, in relation to sucrose and fat intakes, 
was not actually measured in any of the studies cited. 

This study addressed interrelationships between added 
sucrose and fat intakes, age, and BMI values in a large 
community-based sample of French adults. The study spe- 
cifically examined the effect of age on the consumption of 
fat and added sucrose, expressed both in glday and as a 
percentage of daily energy. The study also addressed the 
belief of many researchers that high-sucrose diets are auto- 
matically of poor quality (10) by using quantitative mea- 
sures of dietary diversity and quality established in previous 
research (4). Finally, dietary intake assessments were based 
not on a single 24-hour food recall (19) or on a few days of 
self-administered diet records (17), but on an exhaustive 
diet history interview, widely regarded as the most reliable 
procedure in nutritional epidemiology (2 1). 

Methods 
Subjects were selected using a two-stage cluster-design 

sampling procedure. First, 12 of the 47 districts in the Val- 
de-Marne department (pop. 1,192,692) were selected by 
probability sampling, where the probability of selection was 
proportional to district size. In the second stage, 75 families 
per district were selected, again at random, from area tele- 
phone directories. The total response rate was 62%. The 
final sample was based on 361 men and 476 women, be- 
tween 18 years old and 97 years old. Subject characteristics 
by sex, age, and selected demographic and socioeconomic 
variables are summarized in Table 1. 

Dietary intakes were estimated using the interview- 
based dietary history method (21), adapted by the French 
National Institute for Science and Medical Research 
(INSERM) (2). The interviewer inquired about the type and 
the amount of foods habitually consumed at each meal or 
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Table 1. Characteristics of French subjects 

All ( ~ 8 3 7 )  Men (n=361) Women (n=476) 
Characteristic n % n % n ?6 

Age (years) 
18 to 30 
30 to 40 
40 to 50 
50 to 65 
>65 

Occupation 
Small business owners, craftsmen 
Professional, technical workers 
Clerical, sales, manual workers 
Out of work force<60 years 
Retired>60 years 

Ethnic origin 
French 
Immigrant 

Tobacco use 
Nonsmokers 
Smokers 

Alcohol use 
Nondrinkers 
Drinkers 

21 1 
196 
162 
I73 
95 

24 
254 
404 
133 
22 

718 
119 

577 
260 

384 
453 

25.2 
23.4 
19.4 
20.7 
11.4 

2.9 
30.3 
48.3 
15.9 
2.6 

85.8 
14.2 

68.9 
31.1 

45.9 
54.1 

84 
94 
72 
76 
35 

16 
138 
181 
26 
0 

305 
56 

21 1 
150 

163 
198 

23.3 
26.0 
19.9 
21.1 
9.7 

4.4 
38.2 
50.1 
7.2 
0.0 

84.5 
15.5 

58.4 
41.6 

45.2 
54.8 

127 
I02 
90 
97 
60 

8 
116 
223 
I07 
22 

413 
63 

366 
110 

22 1 
255 

26.7 
21.4 
18.9 
20.4 
12.6 

I .7 
24.4 
46.8 
22.5 
4.6 

86.8 
13.2 

76.9 
23.1 

46.4 
53.6 

snack and asked for the estimated frequency of consumption 
of each food for a period of up to 6 months. The estimated 
frequency of consumption and the average amount con- 
sumed at each eating occasion (in grams or in household 
measures) were thus obtained. Further questions addressed 
family grocery shopping patterns and seasonal adjustments 
in food intakes. 

The foods consumed were grouped into 73 separate 
foods and food groups. The 73 food items were drawn from 
several categories, including meat and fish (10 items), milk 
and cheese (15 items), fats and oils (6 items), grains (10 
items), fruits and vegetables (15 items), sweets and sugars 
(8 items), alcohol (5 items), and other beverages, including 
water and mineral water (4 items). Energy intakes, macro- 
nutrient content of the diet, and added sucrose consumption 
were estimated using modified nutrient composition tables 
developed by INSERM. The methodology and the principal 
results of the Val-de-Marne study, including a detailed de- 
scription of sampling and interview techniques, have been 
published previously (4,11,25). 

Composite measures of diet quality, the Dietary Diver- 
sity Score (DDS) and the Dietary Variety Score (DVS), 
have been described in previous research (4). The DDS 

counted the number of food groups in the habitual diet, 
awarding 1 point for foods in each of the five major food 
groups, dairy, meat, grain, fruit, and vegetable, for a maxi- 
mum score of 5. In past studies conducted in the United 
States by the U.S. Department of Agriculture (16) and by 
other researchers (IS), sugars and sweets, fats and oils, and 
alcohol were summarily dropped from all analyses and did 
not contribute to the overall measure of diet quality. In 
accordance with previously established procedures (16), 
foods consumed in less than minimum amounts per day ( 15 
g to 30 g depending on food group) did not contribute to the 
total score. The DVS was defined as the number of different 
foods in all food categories (out of a possible total of 73) 
that were consumed on a habitual basis and so defined the 
individual’s food repertoire (4). 

Separate analyses of data for men and women showed 
similar trends, and the two groups were pooled. Statistical 
analyses of body mass and dietary intake data used SPSS for 
Windows (version 6.0) one-way analyses of variance with 
post hoc contrasts between means established using least 
significant difference tests. Correlation analyses were con- 
ducted to examine the relationship between age (years) 
BMI, and selected dietary variables. Stepwise multiple re. 
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gression was used to test whether age was a predictor vari- 
able in determining sucrose consumption. 

Results 
Subjects were first divided into five nonoverlapping 

age groups. Mean BMI values and selected dietary intake 
data by age group are summarized in Table 2. Also shown 
are F ratios for one-way analyses of variance together with 
p values. The effects of age were highly significant. Con- 
sistent with most other epidemiological data sets including 
NHANES I1 (19), BMI values rose, whereas energy intakes 
declined, as a function of age. Fat and sucrose intakes, 
expressed in absolute terms (glday), also declined with age, 
consistent with previous results (3,8,19). Sucrose intakes, 
expressed as percent energy, declined, as did the percentage 
of energy from fat. Correlations between age and intakes 
of energy, sucrose, and fat were all negative and significant 
at the p<O.OOl level. Consistent with previous reports (18), 
there was a positive relationship between sucrose and 
fat intakes when expressed in absolute terms ( r =  0.5 1 ; 
p<O.OOl). In contrast, there was no evidence for a reciprocal 
relationship between fat and sucrose intakes when ex- 
pressed as percent energy ( r =  -0.01; not significant [ns]). 

The data showed further that consumption of confec- 
tionery and sweets, the major sources of sucrose in the 
French diet, declined sharply after the age of 30 years, 
whereas consumption of alcohol, on the contrary, increased. 
The consumption of fruit was static, but the consumption of 

vegetables increased with age. The last finding is wholly 
consistent with NHANES I1 data showing that vegetable 
consumption was highest among older people (22). 

Sucrose is the principal added sugar in the French diet. 
The consumption of sucrose in France is considerably lower 
than that in many other European countries (7), accounting 
for no more than 6.5% of daily energy. Mean consumption 
of added sucrose was estimated at 41.8 g/day for men 
(range, 23 g to 230 g) and 30.3 g/day for women (range, 34 
g to 277 8). In contrast, mean intake of nonlactose added 
sugars in the United States has been estimated at 53 g/day, 
accounting for 1 1 % of daily energy ( 13). This includes both 
sucrose and fructose, the latter chiefly consumed in carbon- 
ated soft drinks (8). 

Subjects were then divided by deciles of added sucrose 
consumption, corrected for energy and expressed as g/ I000 
kcal per day. These data are summarized in Table 3. For all 
variables listed, the main effect of sucrose consumption was 
significant at the p<O.OOO 1 level. High sucrose consumption 
was associated with high consumption of energy (in kcal) 
and fat (in g), high consumption of confectionery and 
sweets, reduced consumption of vegetables, and unchanged 
consumption of fruit, exactly as described in previous re- 
ports ($17). High consumers of added sucrose also tended 
to consume less alcohol than did low consumers. The pro- 
portion of fat in the diet, expressed as percent energy, was 
not affected by sucrose consumption (p<0.07; ns). This pat- 
tern of results was obtained whether or not sucrose con- 

Table 2. Subject characteristics, daily energy and macronutrient intakes, and selected intake data by age groups 

Age group (years) 
18 to 30 30 to 40 40 to 50 50 to 65 Over 65 

Characteristic (n=205) (n= 196) ( ~ 1 6 2 )  (n=173) (n=98) F[4,8361 = p Value 

Age (years) 24.0 f 0.2 
BMI (kg/m2) 21.5 f 0.2 
Energy (kcal) 2,238 f 62 
Sucrose (8) 55.6 f 3 
Fat (8) 92.4 f 3 
Sucrose (%) 9+0 
Fat (%) 3720 
Alcohol (g) 2.8 f 0.6 
Confectionery (g) 168.5 f 16 

Fruit (8) 263 f 17 
Vegetables (g) 315f 1 1  
DDS 4.8 f 0.0 
DVS 27.3 f 0.3 

Cake (8) 55 f 4 

Data are means & SE. 

34.6 + 0.2 
22.7 f 0.2 
2,069 f 50 
36.0 f 2 
85.7 f 2 
7fO 
38fO 
11.9 f 1.5 
75.6 f 7.6 
37.4 + 2.9 
2442 14 
358+ 1 1  
4.8 + 0.0 
28.2 f 0.3 

44.0 f 0.2 
24.0 f 0.3 
1,963 f 48 
26.2 f 1.9 
8 1.6 f 2.4 

5 + 0  
38+0 

14.5 f 1.7 
46.9 f 7.4 
26.1 f 2.5 
227 f 12 
377 f 13 
4.9 f 0.0 
27.2 f 0.4 

56.2 f 0.3 
25.2 f 0.3 
2,012 + 53 
22.9 f I .6 
79.3 f 2.4 

5 f O  
36f 1 

17.3 f 2.3 
60.5 f 7.9 
31.6 f 3.0 
288 f 16 
3942 14 
4.9 f 0.0 
26.7 f 0.4 

74.0 f 0.8 
24.5 f 0.4 
1,750 f 58 
26.6 f 2.6 
69.0 f 3.4 

6fO 
35 f 1 

11.2 f 2.1 
55.3 f 11.6 
35.4 f 4.5 
252f 14 
401 f 17 
4.9 f 0.0 
25.9 f 0.4 

3090.0 
33.1 

34.4 

31.6 

13.5 
22.1 
11.4 

8.33 

8.89 

5.05 

2.3 1 
7.67 
1.54 
4.4 1 

<o.ooo 1 
<o.ooo 1 
<o.ooo 1 
<o.ooo I 
<o.ooo 1 
<o.ooo 1 
<o.ooo 1 
<o.ooo 1 
<o.ooo I 
<o.ooo 1 
ns 
<o.ooo 1 
ns 
<0.0001 
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Table 3. Subject characteristics, daily energy and macronutrient intakes, and selected intake data by deciles of 
added sucrose consumption (expressed in g/1000 kcal per day) 

Sucrose Deciles 
1st 2nd 3rd 4th 5th 

Characteristic (n=83) (n=84) (n=84) (n=84) (n=84) 

Age (Y) 
BMI (kg/m2) 
Energy (kcal) 
Sucrose (8) 
Fat (g) 
Sucrose (% kcal) 
Fat (% kcal) 
Alcohol (8) 
Confectionery (g) 
Cake (g) 
Fruit (g) 
Vegetables (8) 
DDS 
DVS 

48.0 f I .5 
25.3 f 0.5 
I694 f 87 

1.8 f 0.2 
65.5 f 3.0 

0 
3 6 f  I 

14.7 f 3.1 
18.7 f 5.2 
6.2 f 1.3 
304 f 25 
434 f 21 
4.9 -+ 0.4 

24.0 f 0.5 

48.7 f 1.5 
24.2 f 0.4 
I880 f 68 

7.6 f 0.3 
74.6 f 3.4 

2 f O  
3 6 2  1 

23.5 f 3.8 
38.3 f 9.4 
13.9 f 1.6 
254 f 20 
4042 17 
4.9 f 0.4 

26.2 f 0.5 

47.1 f 1.5 
23.9 f 0.3 
2022 f 70 
14.9 f 0.6 

82 f 3.4 
3 f O  

3 6 f  1 
14.7 f 2.5 
45.7 f 8. I 
24.2 f 2.2 
281 221  
391 f 18 
4.9 2 0.3 

27.5 f 0.5 

45.9 f 1.6 
24.1 f 0.4 
2003 f 65 
20.5 f 0.7 
84.7 f 3.2 

4 2 0  
3 8 f  1 

12.8 f 2.1 
50.7 f 10 
36.6 f 3.4 
254f 16 
391 2 2 0  
4.9 -+ 0.3 

27.0 f 0.5 

44.9 + 1.8 
24.2 + 0.4 
2018k 87 
25.8 + 1.2 
82.3 + 4.3 

5 + 0  
37+ I 

12.3 + 2.2 
63.0 -+ 12 
33.5 r 3.8 
254 2 27 
344.+16 
4.8 + 0.5 

27.1 + 0.6 

Sucrose Deciles 
6th 7th 8th 9th 10th 

Characteristic (n=83) (n=84) (n=84) (n=84) (n=83) 

Age (Y) 
BMI (kg/m2) 
Energy (kcal) 
Sucrose (8) 

Sucrose (% kcal) 
Fat (% kcal) 
Alcohol (8) 
Confectionery (g) 

Fruit (g) 
Vegetables (g) 
DDS 
DVS 

Fat (8) 

Cake (8) 

40.4 f I .7 
22.7 f 0.4 
2015 f 62 
31.4f 1.0 
83.4 f 3.1 

6 f O  
3 7 f  1 
8.2 f 1.7 

79.4 f 12 
44.5 f 5.1 
277 f 20 
364f  18 
4.9 f 0.3 

28.4 f 0.5 

39.0 f 1.7 
22.4 f 0.3 
2172 f 69 
40.5 f 1.4 
94.3 f 4.5 

7 2 0  
3 8 f  1 

10.1 f 1.7 
87.4 f 1 1  
42.8 f 4.9 
214f 16 
3552 17 
4.9 f 0.4 

28.7 f 0.5 

41.7 f 2.1 
22.6 f 0.3 
2010 f 74 
45.9 f 1.7 
82.3 f 3.3 

9 f O  
3 7 f  1 

4.5 f 1.0 
I09 f 23 

44.1 f 5.2 
229 f 23 
347f 15 
4.9 f 0.4 

28.0 f 0.5 

36.5 f 1.9 
21.8f0.4 
2165 f 92 
61 .O f 2.7 
86.0 f 4.1 

1 1  f 0  
3 6 f  1 

7.1 f 1.8 
124f 16 

62.9 f 6.4 
253 f 21 
325f 17 
4.9 f 0.4 

27.4 f 0.6 

34.9 + I .9 
22.5 + 0.5 
2455 + 101 

104 k 4.9 
98.7 + 4.3 

1 7 + 0  
36+ 1 

3.4 + 0.9 
265 + 29 

72.6 + 6.9 
234 + 27 
274+ 17 
4.7 k 0.6 

27.8 f 0.5 

Data are means f SE. 

sumption was expressed in g/day or was corrected for en- 
ergy (g/lOOO kcal). 

Consistent with previous reports (17), high sucrose 
consumers had lower BMI values (p<O.OOOI). However, as 
is clearly shown in Tables 2 and 3, they were also younger 
(p<O.OOOl). A comparison of the bottom and top deciles by 
sucrose consumption (expressed in g/lOOO kcal) showed 
that the highest sucrose consumers were 34.8 years old, 

consumed 2455 kcal/day, and derived 17% of energy from 
sucrose and 36% of energy from fat. Their mean BMI was 
22.5. In contrast, the lowest sucrose consumers were 48.0 
years old, consumed 1693 kcal/day, and had mean a BMI of 
25.3. That group derived 0% energy from added sucrose and 
36% of energy from fat. Age and sucrose consumption ef- 
fectively covaried, as younger people with higher energy 
needs derived a large part of the extra energy from sucrose 
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as opposed to fats. The proportion of fat in the diet did not 
vary as a function of either age or body mass in this popu- 
lation sample. 

Stepwise regression analyses were conducted to deter- 
mine the chief predictors of added sucrose consumption 
(corrected for energy) for this group of subjects. The inde- 
pendent variables entered were age, BMI, total energy, and 
percent energy from fat. The choice of variables was deter- 
mined by our hypothesis that age, and not calories or per- 
cent energy from fat, was the key predictor variable. The 
first variable entered into the regression was age (multiple 
Rz0.26;  p<O.OO), followed by BMI, and then calories. As 
expected from the data in Table 3, both age and BMI were 
negative predictors of added sucrose intake, whereas energy 
was a positive predictor. In contrast, percent fat in the diet 
was not a significant predictor of added sucrose intake and 
did not enter into the regression equation (p0.10). These 
data do not provide support for the existence of a fat-sucrose 
seesaw, when sucrose and fat intakes are expressed as per- 
cent energy. 

The question of whether heavy consumers of extrinsic 
sugars are characterized by poor quality diets is also ad- 
dressed in Table 3. The DDS, a measure of habitual con- 
sumption of the five major food groups, was close to the 
ceiling value of 5 across most sucrose consumption deciles, 
showing that both high- and low-sucrose consumers incor- 
porated foods from the five major food groups into their 
diets. The DVS, defined as the total number of different 
foods consumed, actually increased with increasing sucrose 
consumption. The DVS data show that high-sucrose con- 
sumers incorporated the greatest number of different foods 
in their diet. According to the 1995 Dietary Guidelines for 
Americans ( 1  6), dietary variety is the most important crite- 
rion for a healthy diet. 

Discussion 
These data, obtained with a large community-based 

sample of French adults, clearly show that age has a major 
effect on intakes of added sucrose and fat. Consistent with 
previous findings (3,19), younger people consumed more 
energy, more added sucrose, and more fat. High sucrose 
intakes, corrected for energy (g/1000 kcal per day), were 
associated with elevated consumption of confectionery and 
cakes and with lower consumption of vegetables. Sucrose 
consumption, whether expressed in glday or as percent en- 
ergy, declined sharply as a function of age (8). The percent- 
age of energy from fat also declined with age but to a lesser 
extent. Consistent with other reports (3,8,22), older people 
consumed less energy and less sucrose and sweets, but more 
vegetables. Fruit consumption was not influenced by age. 

Not surprisingly, given the major influence of age on 
BMI, high sucrose consumers in the sample presented here 
had lower BMIs, exactly as reported previously (17). The 
inverse relationship between added sugar intakes and BMI, 

previously noted by other researchers (7,12,17), may be 
explained by striking differences in age between high- and 
low-sucrose consumers. Similar differences in sucrose con- 
sumption by age may also have been present in other stud- 
ies, although no such analyses were reported. Of course, age 
is also associated with differences in activity level. The 
latter factor, known to influence both intakes and energy 
needs, was not assessed in this or in previous studies. 

Alcohol consumption is also known to vary with age. 
Gibney (6) noted that those British subjects who had low 
sucrose and fat intakes, and so met the dietary sugar and fat 
guidelines, also consumed 330% more alcohol. Therefore, 
their diets were not necessarily better overall. Gibney et al. 
(7) had previously noted a negative association between 
alcohol and fat intakes when both were expressed as percent 
energy. Other researchers have observed a negative asso- 
ciation between total sugar intakes and body mass (17). 
Again, these observations, confirmed in the data presented 
here, can be explained by differences in age. Although al- 
cohol intakes and BMI values increased with age, sucrose 
intakes, on the contrary, declined (see Table 1). 

Consistent with previous data (18) was a positive as 
sociation between sucrose and fat intakes when the variables 
were expressed in grams per day. However, no significant 
relationship, i.e., no fat-sucrose seesaw, was observed when 
sucrose and fat intakes were expressed as percent energy. 
Macdiarmid et al. (18) used the United Kingdom National 
Diet and Nutrition Survey 1986 to 1987 (9) to show a posi- 
tive relationship between extrinsic sugar and fat intakes, 
expressed in grams per day, but revealed an inverse rela- 
tionship when the two variables were expressed as percent- 
ages of energy. Evidently, the fat-sugar seesaw, when ob- 
served, only held for data expressed as energy percentages. 
Another explanation for the absence of a fat-sucrose seesaw 
in the results presented here may be that added sucrose 
contributes much less energy to the French diet than it does 
to diets in England or in the United States (7,9). 

The contribution of added sucrose to diet quality de- 
serves further discussion. The argument that, without su- 
crose in the diet, dietary fat would have been replaced by 
vegetables and other healthy foods (5) makes untenable as- 
sumptions about human eating habits. Replacing one source 
of energy in the human diet with another is a complex task, 
especially when dealing with populations with varied en- 
ergy needs. As shown in Table 3, energy intakes of highest 
vs. lowest sucrose consumers differed by as much as 750 
kcal. An even larger difference in energy intakes between 
high and low tertiles by sugar intake in gkg  was reported in 
the 1978 to 1979 NFCS data (1483 vs. 2362 kcal). It is 
unlikely that these energy differences can be made up sim- 
ply by vegetables and fruit. Although essential to a healthy 
diet (14,27), vegetables and fruit are calorically dilute foods 
that must be consumed in massive quantities to provide 
sufficient energy. Replacing 750 kcal of dietary sugar (4 
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kcaUg) or fat (9 kcal/g) by equicaloric amounts of veg- 
etables would require daily consumption of roughly 3 Ib of 
boiled potatoes (0.6 kcal/g), 5 Ibs of boiled broccoli (0.3 
kcaYg), or 7 Ib of spinach (0.2 kcal/g). Such high levels of 
intake would most likely result in gastrointestinal discom- 
fort. In practice, high energy needs of younger people can- 
not be satisfied without at least some high-energy foods, and 
diets high in sucrose should not be automatically assumed to 
be unhealthy. 

Some researchers have argued (5,17), in the absence of 
formal measures of diet quality, that diet quality deteriorates 
as sugar intakes rise. The assumption has been that a higher 
proportion of vegetables and fruit results in a better quality 
diet. However, diet quality is a multivariate concept that is 
not captured merely by the amount of fiber consumed. The 
best diet for a given individual is not necessarily the one that 
is highest in vegetables, but the one that is best suited to his 
or her age, health, and energy needs. 

The question is whether the consumption of any high- 
energy foods, including sucrose, is detrimental to diet qual- 
ity. Recent studies in nutritional epidemiology have began 
to focus on novel measures of the quality of the “total” 
diet. Such measures include the DDS, the DVS, the Diet 
Quality Index, and the Healthy Eating Index (4,16,23). For 
the most part, such indices provide qualitative measures of 
dietary adequacy, moderation, and variety and provide an 
overall diet quality score. Whereas some studies have used 
grams of fat or fiber as proxy measures of diet quality, the 
fact is that diet quality cannot be measured in terms of 
individual nutrients or diet components. There is ample evi- 
dence from clinical studies that diets that are low in fat are 
not necessarily the most healthy and can be detrimental 
when practiced by women of childbearing age (26). State- 
ments regarding diet quality should be supported by quan- 
titative measures of diet quality, a relatively new area of 
epidemiological research. 

This study examined sucrose consumption with respect 
to two such measures. As shown in Table 2, high-sucrose 
consumers that had stable DDS had the highest DVS. In 
contrast, the diets of older persons, although lower in sugars 
and fats, were also the least varied. Both the 1992 USDA 
Food Guide Pyramid and the 1995 USDA dietary guidelines 
recommend increasing the variety of food choices. This is a 
distinct concept from modifying nutrient intakes, because 
choosing a greater variety of foods will not necessarily re- 
sult in an eating pattern that is lower in fat, saturated fat, 
sugar, or salt. In France at least, higher sucrose consumption 
appears to be associated not only with younger age but also 
with the consumption of a more varied diet. 
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