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Abstract

Aim/Hypothesis—The objective of this study was to describe the relation of serum fatty acids and
DA to overweight, insulin sensitivity, and CVD risk factors in adolescents.

Methods—The relations of % serum phospholipid (PL) and cholesteryl ester (CE) fatty acids and
estimated desaturase activity (DA) with cardiovascular risk factors were examined in 264 adolescents
(average age 15 years). Fatty acids were determined by gas liquid chromotography. Surrogate
measures of DA were expressed as ratios of serum fatty acids: ASDA= 16:0/16:1;
AB6DA=20:3,n6/18:2,n6 (PL) or 18:3,n6/18:2,n6 (CE); and ASDA=20:4,n6/20:3,n6. Spearman
partial correlations of fatty acids (%) and DA ratios with CVD risk factors were reported, adjusting
for age, sex, race, Tanner stage, energy intake and physical activity.

Results—Overweight adolescents compared to normal weight had more adverse levels of CVD
risk factors, composition of PL and CE fatty acids in serum, and A6 DA and A5 DA ratios. Linoleic
acid was inversely related to BMI, waist circumference and triglycerides (p<0.01). Dihomo-gamma
linolenic acid was positively related to BMI, waist, insulin, and triglycerides, and inversely related
to HDL-c levels (p<0.01). A6 DA was adversely associated with most of the risk factors (p<0.01),
while triglycerides and fasting insulin were beneficially related to A5 DA (p<0.01).

Conclusion—These findings support those observed in adults, that factors, such as type of dietary
fat, physical activity, and obesity, may influence fatty acid metabolism and are important in the
development of adverse CVD risk factors as early as adolescence.

INTRODUCTION

Fatty acids play akey role in energy balance, carbohydrate and lipid metabolism, and regulation
of gene transcription (1). Epidemiologic studies have shown associations of amount and type
of dietary fat intake with the development of chronic disease in adults, including obesity (2),
insulin resistance (3-5), and cardiovascular disease (CVD) (6,7). Furthermore, experimental
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studies in adults demonstrate that changes in the type of dietary fatty acid intake may result in
changes in insulin action (7), lower blood pressure (8), and lower total cholesterol,
LDLcholesterol, and triglycerides and higher HDL-cholesterol (9,10).

The composition of fatty acids in the body reflects dietary fat intake and endogenous fatty acid
metabolism (11). Plasma or serum fatty acid composition partly reflects dietary fat intake
during the past 2—-6 weeks and the fatty acids in body fat tissue represents diet in the past several
months or years (12). Desaturase enzyme activity (modulating fatty acid degree of saturation)
(11,13) includes Delta (A) 9, A6, and A5 desaturase activities, the rate-limiting steps for
transforming shorter chain fatty acids into longer essential fatty acid metabolites. Desaturase
activities cannot readily be measured in humans in vivo but can be estimated from relevant
product/precursor ratios in plasma or serum. High A9 DA and A6 DA are associated with
adiposity and the metabolic syndrome (14-18). High A5 DA has been associated with normal
weight and insulin sensitivity in adults (15,19).

Few studies have assessed the relations of serum lipid fatty acid composition with overweight
and CVD risk factors in adolescents and none have included measures of insulin resistance. In
the present study serum phospholipid (PL) and cholesteryl ester (CE) fatty acids were measured
in adolescents participating in a longitudinal study of cardiovascular risk. The objective was
to describe the relation of serum fatty acids and DA to overweight, insulin sensitivity, and CVD
risk factors in adolescents. Similar to adult studies, we hypothesize that palmitic, palmitoleic,
and dihomo-gamma linolenic acids and desaturase A6 and A9 will be adversely associated and
linoleic acid and desaturase A5 will be beneficially associated with overweight, insulin
sensitivity, and CVD risk factors.

Study Population

Approval for this study was obtained from the University of Minnesota Institutional Review
Board Human Subjects Committee. Consent for participation was obtained from all
participants and their parents or guardians.

Methods of recruitment and study procedures have been previously described (20). After blood
pressure screening of 12,043 fifth to eight grade Minneapolis, Minnesota Public School
students, participants were randomly selected by strata of sex, race (black or white), and blood
pressure percentiles (one-half of study participants had blood pressures in the upper 25
percentiles and the other one-half of study participants had blood pressures in the lower 75
percentiles). The cohort for the present study includes 264 adolescents (mean age 15 years,
range 13-17) who had fasting blood specimens available for analysis of fatty acids at mean
age 15 years and who had an euglycemic hyperinsulinemic clamp study, clinical examination,
and a timed overnight urine collection.

Measurements

Physical measurements—Height was measured using a wall-mounted stadiometer to the
nearest 0.5 cm and weight was measured using a balance scale to the nearest 0.1 kg by trained
staff. Blood pressure was recorded twice using a random-zero sphygmomanometer while the
participant was seated after a 5-minute rest; the average of the two measurements was used in
the analysis. Waist circumference was measured with a cloth tape to the nearest 0.5 cm. Tanner
stage was assessed by a board-certified pediatrician based on pubic hair development in boys
and pubic hair and breast development in girls.
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The euglycemic insulin clamp has previously been described in detail (21). Insulin sensitivity
(M) was determined from the final 40 minutes of a 3-hour insulin clamp and expressed as
Mipm (mg glucose uptake/kg lean body mass [lom]/minute).

Laboratory measurements—Blood specimens for fasting insulin and fasting glucose were
obtained at 15, 10 and 5 minutes prior to starting the insulin clamp, and the means of the three
values were used in the data analyses. Serum glucose levels were measured immediately at the
bedside during the euglycemic clamp procedure using a Beckman Glucose Analyzer Il
(Beckman Instruments, Fullerton, CA). Analyses for insulin and lipids were performed in the
laboratory of the University of Minnesota Hospital, as previously described (20).

The fatty acid composition of the serum lipids (cholesteryl ester and phospholipids) were
analyzed by gas-liquid chromatography (GLC) as previously described in detail (22). The GLC
system consists of a GC 5890, an automatic 7671 sampler, a 3392A integrator (all Hewlett-
Packard, Avondale, PA), and a 25-m Nordion fused silica capillary column NS-351(HNU
Systems Inc, Finland), with helium as the carrier gas. The temperature is programmed to 100-
210° C. Standards from NuCheck Prep (Elysian, MN) are used for identification of the
individual fatty acids and as a control for the GLC system. Fatty acid phospholipids and
cholesteryl esters were identified from 14:0 through 22:6,n3 and expressed as a percentage of
total fatty acids. The CV for all reported fatty acids are <1.0-5.5%, except for 18:0 in the
cholesteryl esters (9.9%) and 17:0 (6.3%) and 18:3 n-3 in phospholipids (8.2%).

Statistical Analysis

RESULTS

All analyses were conducted using SAS Version 9.1 (SAS Institute, Inc., Cary, North Carolina).
Body mass index (BMI) was computed as weight in kg divided by height in meters squared
(kg/m?). Overweight in adolescents is defined as >85%ile of BMI for age and sex according
to the CDC growth charts (23). The distribution of triglycerides was highly skewed and log
transformed prior to analysis. Means were back log-transformed and reported as geometric
means. My, was further corrected for steady-state plasma insulin concentration (1) to account
for differences in clamp insulin levels (Mpym/1) (24). To represent DA, we used previously
defined ratios A9 DA: 16:1,n7/16:0; A6 DA: 18:3,n6/18:2,n6 (CE) and 20:3,n6/18:2,n6 (PL)
as 18:3,n6 in PL is too low to allow an adequate determination (assuming that the elongase
responsible for the elongation of 18:3,n6 to 20:3,n6 is not rate limiting); and A5 DA:
20:4,n6/20:3,n6 (13,15,16). Spearman partial correlation coefficients evaluated the relations
of serum fatty acids and DA with cardiovascular risk factors and measures of insulin sensitivity,
adjusting for age, sex, race, Tanner stage, energy intake, and physical activity. Because multiple
comparisons were performed, Spearman partial correlations were considered significant at
p<0.01. Differences in relations between overweight and normal weight children were
significant at p<0.05.

Among 264 adolescents, 42% was female, 17% African American, average age was 15+1.2
years and Tanner stage 4.5+0.7. DA ratios and the relative content (%) of PL fatty acids were
similar between boys and girls (data not shown). However, the proportions of CE fatty acids
suggested an adverse fatty acid pattern in the boys with greater palmitic (11.1 vs. 10.8%) and
stearic (1.2 vs. 1.0%) acids and lower linoleic acid (53.5 vs. 55.2%) than girls (all p <0.01).

When stratified by weight status and adjusted for age, sex, race, Tanner stage, energy intake,
and physical activity, overweight adolescents had more adverse cardiovascular risk factors
than adolescents who were normal weight, including higher levels of BMI, waist
circumference, fasting insulin, triglycerides, glucose, systolic blood pressure, total cholesterol,
and LDL-cholesterol and lower HDL-cholesterol (Table 1).
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In addition, the relative content (%) of several individual fatty acids in serum was significantly
higher in overweight than normal weight adolescents, including myristic (14:0), palmitoleic
(16:1) stearic acid (18:0), gamma linolenic acid (18:3,6) and dihomo-gamma linolenic acid
(20:3,n6) (Table 2).

Normal weight adolescents had a higher percent of heptadecanoic acid (17:0), oleic acid (18:1),
and linoleic acid (18:2,n6) than overweight individuals. PL and CE fatty acid ratios for A6 DA
(20:3,n6/18:2,n6 and 18:3, n6/18:2,n6, respectively) and CE A9 DA (16:1/16:0) were
significantly higher, while PL A5 (20:4,n6/20:3,n3) was significantly lower in overweight than
normal weight adolescents (Table 3).

As shown in table 4, Spearman partial correlations evaluate the associations between the CVD
risk factors and the PL and CE fatty acids.

As expected, correlations for the saturated fatty acids myristic (14:0), palmitic (16:0), and
stearic (18:0) in PL and CE were adversely associated with lipids. PL stearic acid was also
positively related to BMI, waist circumference, and fasting insulin. However, PL
heptadecanoic acid (17:0) was significantly and inversely associated with triglycerides. The
monounsaturated PL palmitoleic acid (16:1, n7) was positively related to triglycerides, while
CE palmitoleic acid was positively related to BMI, fasting insulin, triglycerides, and total
cholesterol. Both PL and CE oleic acid (18:1) were inversely associated with adiposity
measures. The polyunsaturated fatty acids (PUFA) gamma-linolenic (18:3,n6) and dihomo-
gamma linolenic (20:3,n6) acids were adversely associated with most CVD risk factors. In
contrast, PUFA linoleic acid (18:2,n6) in PL was beneficially inversely associated with most
CVD risk factors, while CE linoleic acid was inversely associated with fasting insulin and
triglyceride levels. Interestingly, the very long PUFA EPA CE (20:5,n3) was positively
associated with BMI, triglycerides, and total cholesterol and both PL and CE EPA were
positively associated with fasting insulin. CE DHA (22:6,n3) was positively associated with
BMI and waist circumference, while PL DHA was unrelated to all risk factors. Insulin
sensitivity (Mjpm) Was not significantly related to any of the individual PL or CE fatty acids
(data not shown). However, Myn/l showed significant relations with PL and CE fatty acids at
p<0.05 for 18:2,n6 (r=0.15 and 0.14, respectively); 18:3,n6 (both r=-0.14); and 20:3,n6 (r=
—0.17 and —0.14, respectively).

After further adjustment for BMI, relations of PL and CE fatty acids with CVD risk factors
remained significant, although somewhat attenuated; an exception was waist circumference
which only remained significantly related to PL stearic acid. The CE ratio for A9 DA
(16:1/16:0) was significantly and positively associated with lipids and fasting insulin; while
PL A9 DA was not related to them (Table 5).

PL A6 (20:3,n6/18:2,n6) was positively associated with most risk factors. CE A6
(18:3,n6/18:2,n6) was positively associated with triglycerides, total cholesterol, and fasting
insulin. PL and CE A5 DA (20:4,n6/20:3,n6) were inversely related to triglycerides and fasting
insulin. PL A6 was inversely associated (r=—0.19, p=0.004), while PL A5 was positively
associated with M/l (r=0.14, p=0.05). Systolic blood pressure, glucose, and My, Were not
related to A9, A6, or A5 DA. With further adjustment for BMI, most relations of DA with the
CVD risk factors remained significant, although slightly attenuated.

DISCUSSION

We found that adolescent overweight is associated with an adverse fatty acid profile and
specific patterns of the DA. Compared to normal weight adolescents, overweight adolescents
had significantly higher proportions of palmitoleic and dihomo-gamma linolenic acids and
lower linoleic acid, but a similar proportion of palmitic acid. This pattern was similar to that
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in another study of adolescents (18). DAs A9 and A6 were higher, while A5 DA was lower in
overweight adolescents compared to normal weight adolescents. We also observed that high
activities of A9 and A6 DA were positively associated with most CVD risk factors in
adolescents. Moreover, linoleic acid and A5 DA were inversely associated with triglycerides,
insulin, and several other CVD risk factors, which in previous studies of adults were related
to lower body fat (4,19) and insulin sensitivity (14,19). Although, neither proportions of the
individual fatty acids nor DAs were significantly related to insulin resistance (Mpy), Mlbm/I
was positively associated with linoleic acid and A5 and inversely associated with dihomo-
gamma-linolenic acid and A6.

Adverse pattern of fatty acids

Several observational and experimental studies have found dietary and plasma or serum fatty
acids to be related to insulin resistance (3,14) and serum lipids (9). Insulin resistance and
adiposity have been characterized by an abnormal fatty acid pattern, including a high relative
% of palmitic, palmitoleic, and dihomo-gamma linolenic acids and low % of linoleic acid in
adults (3,4,14,19,25,26). A similar pattern was observed in obese children in our study and
others (16,27), although study results have been inconsistent (18).

Desaturase activity

Consistent with most previous studies of adults (4,11,14,28) and children (16,18), we found
the estimated activities of A6 an A9 DA were positively associated with adiposity and insulin
measures in our study of adolescents. Further, A6 DA was also adversely associated with other
CVD risk factors, including triglycerides, total cholesterol, LDL-and HDL-cholesterol. An
inverse relation was observed of A5 DA with fasting insulin and triglycerides, independent of
BMI, which is consistent with some studies conducted in adults (4,14,26,28) and in adolescents
(18).

Insulin resistance

Mpm Was not related to DA ratios or any of the individual serum PL or CE fatty acids in our
study. However, individual fatty acids may influence insulin action in adults (19,29). In elderly
men, peripheral insulin sensitivity was significantly correlated to the proportion of palmitic
(r=—0.31, p<0.001), palmitoleic (r=—0.25, p<0.001) and di-homo-gamma-linolenic (r=—0.33,
p<0.001) acids and positively to the content of linoleic (r=0.28, p<0.001) acid in the serum
CE. A stronger negative relation to the proportion of palmitic acid was observed in the skeletal
muscle PL of these elderly men (r = —0.45, p < 0.004)(29). In adult Pima Indians maximal
insulin stimulation level (MZ) was positively related to C20-22 PUFAs measured in muscle
(r=0.46, p<0.001) and A5 DA (r=0.45, p<0.001) (19). The lack of association of My, with
the fatty acids in adolescents, especially palmitic, palmitoleic, di-homo-gamma-linolenic, and
linoleic, may result from the lesser severity or shorter duration of metabolic abnormality
compared to an older population or a high risk population, such as the PIMA Indians. However,
after correcting for steady-state insulin, M/l (24) was significantly and positively related to
linoleic and A5, while di-homo-gamma-linolenic acid and A6 were both inversely related to
Mipm/1, confirmation of a pattern related to both obesity and insulin action (19). Adverse risk
factors, including insulin resistance, have been observed 7 or more years prior to the
development of CVVD and type 2 diabetes (30,31). Therefore, as adolescents get older, a
chronically abnormal fatty acid pattern may further promote increased severity of insulin
resistance.

Saturated fatty acids

The saturated fatty acids myristic, palmitic, and stearic were positively correlated with total
cholesterol, LDL-cholesterol, triglycerides, or fasting insulin, even after adjustment for body
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mass, in this adolescent cohort. About 40 years ago, Ancel Keys related dietary saturated fat
intake to heart disease (32). Since then, studies in adults have shown that lauric, myristic, and
palmitic acids raise both LDL- and HDL- cholesterol levels (9) and adversely influence
measures of glucose metabolism (3). Although stearic acid was not shown to effect lipid
concentrations, insulin action or glucose tolerance in some studies (9,33), replacement of
linoleic acid by stearic acid in clinical studies has been reported to lower HDL-cholesterol and
raise LDL-cholesterol levels (34). Lauric and myristic fatty acids has also been correlated with
increased LDL-cholesterol among urban and rural adolescents (beta coeff = 3.6, 1.7, p < 0.05)
(35).

In contrast, an intake of fatty acids in milk, as mirrored by a high proportion of pentadecanoic
(15:0) or heptadeconoic acid (17:0) in plasma, seems to be beneficially related to health (36).
This is consistent with our finding that PL heptadecanoic acid (17:0) was inversely related to
triglycerides. The estimated intake of milk fat was lower in adults with acute myocardial
infarction compared to controls (36), and PAl-ag, t-PA-ag, triacylglycerols, fasting insulin,
pro-insulin, and leptin all were inversely correlated to milk-fat serum lipid esters. Whether the
associations between estimated intake of milk fat or milk products and disease risk reflect
causal relationships, or whether these relationships are confounded by other lifestyle-related
factors, is at present unknown.

Monounsaturated fatty acids (MUFA)

MUFA intake has been associated with an improved lipid profile and increased insulin
sensitivity (37). Oleic acid is found in a variety of animal and vegetable sources and is also the
product of A6 desaturation of stearic acid (18:0 — 18:1). The proportion of palmitoleic acid
in plasma depends mainly upon the conversion of palmitic acid via A9 (16:0 — 16:1), while
palmitoleic acid is not often found in the food supply (11). This makes the ratio between
16:1/16:0 a useful indicator of A9 activity, in contrast to the ratio between 18:1/18:0 which is
to a high extent directly influenced by the high content of oleic acid in the diet and thus not a
useful reflection of the A9 activity. Also consistent with data from adult studies, the present
study showed a significant and positive relation of palmitoleic acid, particularly in CE to many
CVD risk factors (25) and an inverse relation of oleic acid with BMI and waist circumference
(38).

Polyunsaturated fatty acids (PUFA)

Similar to studies in adults (9,14,26), we observed significant and beneficial relations between
the polyunsaturated fat (PUFA) linoleic acid with CVD risk factors. An earlier study in 3-18
year old Finnish children reported that linoleic acid was inversely associated with serum
triglycerides, total- and LDL-cholesterol levels and positively associated with HDL-cholesterol
(39). Long-chain PUFAs EPA and DHA are known to be inversely associated with CVD risk
factors and fish consumption to the risk of myocardial infarction (40-42). However, in the
present study and others (26,43,44), EPA was positively related to some CVD risk factors. It
has been suggested that the positive relation between the proportion of EPA in plasma and
CVD risk factors may be explained by the fatty acid composition of the diet and competition
for the same enzymes in the process of elongation and desaturation (13,26). A low content of
linoleic acid in the diet, as in a diet containing a high proportion of saturated fat, will allow for
an efficient endogenous formation of long chain n3 fatty acids from alpha linolenic acid
(18:3,n3). A high intake of linoleic acid would, on the contrary, inhibit this conversion leading
to a lower proportion of EPA in plasma. Another point is the EPA in PL was positively related
to fasting insulin only, while EPA in CE was related to several risk factors. As PLs take part
in a more functional role, while CEs operate as transport structures, the FA pattern in PLs is
more regulated and is probably closer to that of cell membranes.

Int J Obes (Lond). Author manuscript; available in PMC 2010 March 4.
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A few limitations of our study deserve comment. Because of the cross-sectional study design,
the temporal relationships are unknown. Actual desaturase activity was not directly measured,
which is difficult to do in vivo in humans, but estimated from the ratio of specific substrate to
the corresponding product of the respective enzyme (product/substrate ratio) (5,14,15,45).
Nevertheless, the estimated desaturase activity ratios A9, A6, and A5 are useful in sorting out
the relations between fatty acid metabolism and CVD risk factors. Diverging relationships
between the fatty acid composition of phospholipids and cholesteryl esters, respectively, and
cardiovascular risk factors may be related to differences in post intake metabolism of fatty
acids. Confounding was assessed in our statistical models by including several variables known
to influence fatty acid metabolism-CVD risk factor associations in adolescents; however, the
possibility for residual confounding cannot be excluded.

There are also specific strengths of our study. Gender differences have been reported for A9
DA, with higher activity in women than men (28). There was a large number of boys and girls
enrolled, enabling us to show no gender difference in A9 DA in this age group. An important
strength is the measurement of insulin sensitivity using the ‘gold standard’ euglycemic
hyperinsulinemic clamp. Although we further adjusted our models for body mass, this was
probably an overadjustment of our statistical models since body mass is in the causal pathway
of developing adverse CVD risk factors and insulin resistance (14,15,45).

In summary, this study shows that adverse patterns of fatty acids and DA are already associated
with overweight and insulin resistance prior to adulthood. Results of observational and clinical
studies conducted in humans have shown that a diet high in total or saturated fat is associated
with abnormal glucose concentrations (3,46,47) or insulin resistance (3,48), while diets
enriched in monounsaturated fat (39,49) or linoleic acid (50) improve insulin sensitivity.
Beneficial changes in the cholesteryl ester fatty acid profile and DA ratios were related to
improved insulin sensitivity in a population at risk for type 2 diabetes (51). Lowering the intake
of dietary total and saturated fat and increasing physical activity promotes reductions in A9
and A6 DAs at the same time A5 increases. Type of dietary fatty acid intake plays an important
role in modulating fatty acid metabolism. It is also possible, however, that the adverse fatty
acid pattern observed in this and other studies is not only, or mainly, related to dietary fat intake.
It may alternatively be secondary to early metabolic changes, e.g. related to insulin resistance,
or due to genetic predisposition or early pre- or perinatal environmental influence affecting
fatty acid metabolism later in life. Our study findings of serum fatty acids in adolescents support
those observed in adults; i.e., that type of fat may be important in the development of adverse
CVD risk factors as early as adolescence. These findings emphasize the importance of
promoting healthy eating patterns prior to adulthood.
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Table 1

Cardiovascular risk factors in normal- and overweight adolescents, n=264

Cardiovascular Risk Normal Weight Overweight p-value
Factors (n=190) (n=74)

mean mean
BMI, kg/m? 20.5 28.2 <0.001
Waist, cm 73.2 90.8 <0.001
Insulin, mU/L 12.0 20.0 <0.001
Triglyceride, mg/diL 72.2 96.5 <0.001
HDL-chol, mg/dI 449 40.6 <0.001
Glucose, mg/dl 97.4 99.8 0.05
Systolic blood pressure 107 112 <0.001
Total cholesterol, mg/dl 140.6 159.8 <0.001
LDL-cholesterol, mg/dI 79.8 96.8 0.001
Mipm, Mag/kg/min 12.2 12.6 0.46

Adjusted for age, sex, race, Tanner stage, energy intake, and physical activity

Overweight = age-gender specific >85%ile CDC growth charts

1 .
log transformed, geometric mean

MIbm =mg glucose uptake/kg lean body mass/minute
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% Serum phospholipid and cholesterol ester fatty acids in adolescent normal- and overweight adolescents, n=264

% Plasma Fatty Acids Normal Weight Overweight p-value

(n=190) (n=74)

mean mean

Phospholipids
14:0 myristic acid 0.41 0.44 0.008
15:0 pentadecanoic acid 0.22 0.21 0.53
16:0 palmitic acid 27.4 275 0.52
16:1 palmitoleic acid 0.84 0.86 0.26
17:0 heptadecanoic acid 0.47 0.45 0.04
18:0 stearic acid 14.2 14.8 <0.001
18:1 oleic acid 14.0 13.6 0.05
18:2, n6 linoleic acid 24.7 23.7 0.002
18:3, n3 a-linolenic acid 0.20 0.20 0.71
18:3, n6 y-linolenic acid 0.07 0.11 <0.001
20:3, n6 dh-y-linolenic acid 3.22 3.53 <0.001
20:4, n6 arachidonic acid 10.60 10.82 0.19
20:5, n3 EPA 0.43 0.44 0.96
22:6, n3 DHA 2.28 2.28 0.99
Cholesterol Esters
14:0 myristic acid 0.83 0.89 0.05
15:0 pentadecanoic acid 0.20 0.20 0.76
16:0 palmitic acid 11.04 11.01 0.72
16:1 palmitoleic acid 3.10 3.46 0.001
17:0 heptadecanoic acid 0.11 0.10 0.04
18:0 stearic acid 113 1.13 0.18
18:1 oleic acid 18.6 18.1 0.02
18:2, n6 linoleic acid 54.4 53.9 0.23
18:3, n3 a-linolenic acid 0.49 0.50 0.28
18:3, n6 y-linolenic acid 0.93 1.05 0.009
20:3, n6 dh y-linolenic acid 0.80 0.88 .001
20:4, n6 arachidonic acid 7.58 7.97 0.02
20:5, n3 EPA 0.38 0.44 0.002
22:6, n3 DHA 0.37 0.41 0.08

Adjusted for age, sex, race, Tanner stage, energy intake, and physical activity

Overweight = age-gender specific >85%ile CDC growth charts

EPA: eicosapentenoic acid; DHA: docosahexenoic acid
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Table 3

Desaturase activity in normal- and overweight adolescent girls and boys, n=264

Desaturase activity Normal Weight Overweight p-value

(n=190) (n=74)

mean mean

Phospholipids
A9 DA 16:1/16:0 0.03 0.03 0.34
A 6 DA 20:3,n6/18:2,n6 0.13 0.15 <0.001
A 5 DA 20:4,n6/20:3,n6 3.41 3.18 0.04
Cholesterol esters
A9 DA 16:1/16:0 0.28 0.31 <0.001
A 6 DA 18:3,n6/18:2,n6 0.017 0.02 <0.001
A 5 DA 20:4,n6/20:3n6 9.73 9.35 0.23

Adjusted for age, sex, race, Tanner stage, energy intake, and physical activity

Overweight = age-gender specific >85%ile CDC growth charts

DA: desaturase activity

Int J Obes (Lond). Author manuscript; available in PMC 2010 March 4.

Page 13



Page 14

Steffen et al.

$92=U ‘S1Us2Sa|OpE Ul $I0198J YSII JeJNISeAOIpIed pue spIde A1e) WNJss Usamiad suoea1iod jerued uswieads

NIH-PA Author Manuscript

SN SN SN SN SN SN SN SN SN PIOE DIUOPIYOEIE 9U ‘¥:0Z
SN SN SN SN LT0- 20 120 2o [44)} pIoe o1usjoul|-A-yp 9u ‘€:0z
SN 720 SN SN SN 620 810 SN SN pIoe dludjoul|-4 Qu ‘€8T
SN SN SN SN SN LT°0 SN SN SN PIOE D1UBOUI|-D U ‘E:8T
SN SN SN SN SN vz0-  ST0 SN SN pIoe 213]0Ul| QU ‘Z:8T
SN SN SN SN SN SN SN ST'0- 8T°0 pI3e 2190 T:8T
SN SN SN SN 8T'0- SN SN SN SN pIo® D11els 0:8T
SN SN SN SN SN SN SN SN SN pioe ojoueospeday 0:2T
SN 720 SN SN SN S0 920 SN ITO pioe a1ejonwied T:9T
SN SN SN SN LT0-  9T0 SN SN SN pioe omwied 0:91
SN SN SN SN SN SN SN SN SN p1ae o1ouodapeIuad 0 :GT
SN 6T0 SN SN SN 1€°0 SN SN SN P10 2NSHAW 01T
§191s3 |0J431s’|0yD
SN SN SN SN SN SN SN SN SN VHA gu ‘9:ze
SN SN SN SN SN SN 810 SN SN Vd3 €U ‘'S:02
SN SN SN SN SN 9T'0- SN vI0  STO PIOE DIUOPIYORIR 9U ‘¥:0Z
SN ST0 SN SN v1°0 7€°0 020 220  ¥Z0  Ploedlusjoul-4-Up 9u ‘€:0Z
SN 820 SN SN SN €60 ZZ0  0T0 910 pIoe d1udjoul| 4 9u ‘g:8T
SN SN SN SN LT0 SN SN SN SN PIOE D1UBOUI|-D €U ‘EI8T
9z0- S20- SN SN SN 0z'0- SN 610  020- pIoe 213]0Ul| QU ‘Z:8T
SN SN SN SN SN SN SN €10 LT0— pIoe 2190 T:8T
20 120 SN SN SN 12°0 €0  ST0 20 pIo® D11els 0:8T
SN SN SN SN SN 0z'0- SN SN SN pioe ojouedspeday 0:2T
SN SN SN SN SN 020 SN SN SN pioe a1ejonwied T:9T
SN €10 SN SN SN SN SN SN SN pioe omwied 0:91
SN SN SN SN SN SN SN SN SN p1ae o1ouodzpeIuad 0 :GT
SN 0z0 SN SN SN 120 €20 SN SN p1oe 2NSHAW 0:%T
spidijoydsoyd

apBw pw BHww Pl IpBw ppw nw wo Wby
2-7@7 1YL  dgS  esoon  o-1aH oAbl unnsul  1slep NG sploy Aned ewseld %

NIH-PA Author Manuscript

v alqel

NIH-PA Author Manuscript

Int J Obes (Lond). Author manuscript; available in PMC 2010 March 4.



Page 15

Steffen et al.

NIH-PA Author Manuscript

wedIubIS 10U = SN

P19 210USX3YLS0I0P :\YHQ ‘PI9e d10UsjUades02I8 (W d3
10481$3]0Y9 [10] = |J0Yyd L

ainssaid poo|q 21101SAS = 49S

ap1IadA|611 = 94|61 L

Xapul ssew Apoq = |INg

"10°0>d 1e Juea1y1ubIS aJe SUoIIe[aI00 Uswieads
‘AAnoe [eaisAyd pue axeiul ABlsus ‘abels Jauue ]| ‘adel ‘xas ‘abe o) paisnipy

SN SN SN SN SN SN SN 8T'0 LT0 VHa gu ‘9:2g
SN 6T°0 SN SN SN ST°0 870 SN 0c0 Vd3 €U ‘G:0C

apbw pw BHww Pl pBw pBw nw wo  w/by
2-1A1 1oyoL d4S 3s00N|9  9-1a@H  9AIBLIL  unnsul  1SIeAA INg sploy Ared ewse|d %

NIH-PA Author Manuscript NIH-PA Author Manuscript

Int J Obes (Lond). Author manuscript; available in PMC 2010 March 4.



Page 16

Steffen et al.

JuedIuBIS 10U = SN
10481$3]0Y2 [B10} = |OYd L
ainssaid poojq 21103sAS = 49S
apLIRoAI61LY = 94|61

Xapul ssew Apoq = |ING

"10°0>d 18 JuBdIIUBIS BB SUOIRB1I0D UswIeads

‘AiAnoe [eaisAyd pue axejul ABiaus ‘abels Jauue | ‘aoes ‘xas ‘abe oy paisnipy

SN SN SN SN SN v20-  LT0- SN SN (9u'e:0z/9u':02) VA SV
SN 220 SN SN SN 00 810 SN SN (Qu'zi8T/9u'ei8T) va 9V
9T'0 v2'0 SN SN SN GE0 120 SN SN (0:97/1:97) VA 6V
$19153 |0431S9]0YD
SN SN SN SN SN 620- T20- SN SN (Qu'e:0z/9u':02) va SV
220 220 SN SN 0z0-  T€0 120 120  T€0  (9u'Z:8T/9U'€:0Z) VA 9V
SN SN SN SN SN SN SN SN SN (0:91/1:97) VA 6V
spidijoydsoyd

Ip/Bw  pdw  BHww  pBN TpBw JpBw nw (W) Lw/By
2-7d7 1oyl  dgS  8soon  o-1aH  dAIBuL  unnsul sl 1IAE fAnoy aseanyesaq

#9Z=U ‘SJU3IS3|0PR. Ul SI0138) XSII Je|NISeAOIpIRd pue sonel (WA) AlIAIDER aseinjesap Usanla( Suolle]alod feiued uswieads

NIH-PA Author Manuscript

G ajqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Int J Obes (Lond). Author manuscript; available in PMC 2010 March 4.



