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Results in epidemiological and experimental studies suggest that a diet rich in saturated fat may affect insulin sensitivity. 
However, no published data are available on the effect of stearic acid in this respect, Therefore, we examined the effects of a 
high-stearic acid diet and a high-oleic acid diet on glucose metabolism, serum lipids and lipoproteins, and blood coagulation 
factors in 15 healthy female subjects. Subjects followed the two experimental diets for 4 weeks according to a randomized 
crossover design. Both experimental diet periods were preceded by consumption of a baseline diet for 2 weeks, The diets 
provided 36% of energy (E%) as fat. In the experimental diets, 5 E% stearic or oleic acid was substituted for 5 E% of saturated 
fatty acids in the baseline diet. After the experimental diets, no differences were found in the insulin sensitivity index 
(mean -+ SEM, 5.4 -4- 1.9 v 5.2 -+ 1.6 x 10 -4 min -1 • ~ U  - 1  , mL -1, nonsignificant [NS]), glucose effectiveness (0.026 -+ 0.006 v 
0.026 -+ 0.003 min -1, NS), or first-phase insulin reaction ([FPIR] 368 _+ 57 v 374 -+ 66 mU/L.  min, NS). The concentration of 
serum lipids and lipoproteins and blood coagulation factors did not differ after the diet periods. In conclusion, a diet rich in 
stearic acid did not deteriorate glucose tolerance or insulin action in young healthy female subjects as compared with a diet 
rich in oleic acid. 
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B OTH THE AMOUNT and quality of dietary fat have been 
suggested to affect glucose tolerance. In experimental 

animals, the fatty acid composition and amount of fat in the diet 
have been shown to affect insulin secretion I-4 and insulin 
sensitivity, s-7 In some epidemiological studies, a high intake of 
fat, especially saturated fat, has been associated with a deterio- 
ration of glucose tolerance. This association has been seen in 
healthy subjects, 8,9 subjects with impaired glucose tolerancO TM 

or non-insulin-dependent diabetes mellitus (NIDDM)]  ° and 
also subjects with coronary artery disease.12 

There are only a few studies concerning the effect of a change 
in the amount or quality of dietary fat on glucose and insulin 
metabolism in humans. In young healthy women 13 and middle- 
aged glucose-intolerant hyperlipidemic subjects, 14 replacement 
of a considerable proportion of saturated fat by unsaturated fat 
improved glucose tolerance. In NIDDM patients, a modest 
increase in insulin-mediated glucose disposal was seen after 
substitution of polyunsaturated fat for saturated fat. 15 Stearic 
acid is considered neutral with respect to its effect on serum 
lipids] 6,17 but almost nothing is known about its effects on 

glucose metabolism in humans. Previous studies where unsatu- 
rated fatty acids have been substituted for saturated fat have not 
focused on the effects of individual saturated fatty acids on 
glucose and insulin metabolism. The amount and quality of 
dietary fat may also affect thrombus formation, but the results 
concerning the effect of stearic acid in this respect are contradic- 
tory. 18-21 

As part of a series of studies evaluating the effects of single 
fatty acids on lipoprotein and glucose and insulin metabo- 
lism, ~3,22,23 this study was planned to examine the effect of 
stearic acid on glucose tolerance and insulin secretion, serum 
lipids, and coagulation factors in young healthy women. 

SUBJECTS AND METHODS 

Subjects 

Fifteen healthy women aged 22 + 0.6 years (mean _+ SEM; range, 19 
to 32) participated in the study. The mean body mass index (BMI) was 
22.6 -4- 0.6 kg/m 2 (range, 19.2 to 26.4), and all subjects had normal liver, 
kidney, and thyroid function. Five of the subjects used low-estrogen oral 
contraceptives during the study, but no other medication was used. Two 

subjects were smokers, and they were advised to retain their regular 
smoking habits throughout the study. Subjects provided informed 
consent for the study, and the study plan was approved by the Ethics 
Committee of the University of Kuopio. 

Study Design 

All subjects consumed both a high-stearic acid diet (stearic diet) arid 
a high-oleic acid diet (oleic diet) for 4 weeks according to a randomized 
crossover design. Eight subjects started with the stearic diet and seven 
with the oleic diet. Both experimental diet periods were preceded by 
consumption of a baseline diet for 2 weeks. Weight and blood pressure 
were measured at 2-week intervals. Samples for laboratory analyses 
(serum lipid, lipoprotein, and apolipoprotein concentrations and coagu- 
lation factor values) were collected after a 12-hour fast at the beginning 
and end of each diet period. The height, routine hematological 
measures, and serum creatinine, thyroxine, and liver enzyme levels 
were determined at the beginning of the study. A frequently sampled 
intravenous glucose tolerance test (FSIGT) was performed after the first 
baseline period and after both experimental diet periods. 

Diets 

Both experimental diets and the baseline diet supplied 36% of energy 
(E%) as fat, 48 E% as carbohydrate, and 15 E% as protein. The 
cholesterol content in all three diets was about 30 mg/MJ, and the 
dietary fiber content was about 3 g/MJ. The calculated fatty acid 
composition of the baseline diet was 18 E% saturated, 12 E% 
monounsaturated, and 6 E% polyunsaturated fatty acids. During both 
the stearic and the oleic diet, 5 E% of saturated fatty acids in the 
baseline diet was substituted by stearic acid or oleic acid, respectively, 
but the experimental diets were otherwise kept identical. 

During the baseline diet, butter was used as a main source of fat 
together with olive oil and a small amount of sunflower oil. Cocoa 
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butter was used as a source of stearic acid and olive oil as a source of 
oleic acid. Both diets contained a small amount of butter and sunflower 
oil. Medium-fat dairy products were consumed during the diet periods, 
except for the low-fat milk consumed during the stearic diet and oleic 
diet. Because the baseline diet included milk fat and, as a result, more 
dietary cholesterol, 4 to 6 g egg yolk per day was added to the stearic 
diet and oleic diet to keep the intake of dietary cholesterol constant 
during the whole study. Except for cocoa butter, the diets were 
composed of common Finnish food stuffs. The subjects received fat 
products, vegetable oils, and dairy products free of charge. This, 
together with frequent dietary counseling, promoted good compliance. 

The energy requirement of the subjects was estimated by 3-day food 
records kept before the study. The subjects received detailed oral and 
written instructions about the diets, specifying the amount of individual 
food stuffs by main food groups (fat, dairy products, cereals, vegetables 
and roots, fruit and berries, meat and meat products, as well as sugar and 
sweets). It was stressed that the subjects should maintain stable body 
weight and unchanged exercise habits during the study. 

To control dietary compliance, the subjects kept 7-day food records 
(5 weekdays and 2 weekend days) during both experimental diets. 
During the baseline and washout periods, 4-day food records (3 
weekdays and 1 weekend day) were kept. The subjects were asked to 
weigh everything they ate on a digital scale (provided by the study unit), 
where possible. For situations in which weighing was not possible, 
subjects were instructed to estimate portion sizes in household mea- 
sures. 

The diets were planned and nutrients in the food records were 
calculated using the Micro-Nutrica dietary analysis program (The 
Social Insurance Institution, Turku, Finland) based on the database of 
the Finnish Social Insurance Institution. The food composition tables 
are based on values obtained from Finnish food analyses and values 
taken from international food composition tables. 24 

Determination of the fatty acid composition of serum triglycerides 
and cholesteryl esters was used as an objective indicator of compliance 
to the experimental diets during the study. 

Laboratory Analyses 

Serum lipids and lipoproteins. To remove the very-low-density 
lipoprotein (VLDL) fraction, lipoproteins were separated by ultracentri- 
fugation for 18 hours at a density of 1.006 kg/L. VLDL cholesterol was 
calculated as the difference between the mass of cholesterol in the 
serum and in the infranatant. High-density lipoprotein (HDL) in the 
infranatant was separated from low-density lipoprotein (LDL) by 
precipitation of LDL with dextran sulfate and magnesium chloride. 25 
LDL cholesterol was calculated as the difference between the mass of 
cholesterol in the infranatant and HDL. Enzymatic colorimetric meth- 
ods were used for the determination of cholesterol and triglycerides 
from whole serum and lipoprotein lipids with commercial kits (Monotest 
Cholesterol and Triglyceride GPO-PAP; Boehringer, Mannheim, Ger- 
many) using an automated instrument (Kone Specific ClinicalAnalyzer; 
Kone, Espoo, Finland). The coefficient of variation (CV) between 
measurements for serum total cholesterol was 0.9%, and for total 
triglycerides, 0.9% to 1.0% (two standards). The CV for HDL- 
cholesterol was 0.8% to 3.5% (two standards), and for HDL- 
triglycerides, 2.2% (one standard). 

Serum samples for apolipoprotein A-I (apo A-I) and apo B were 
stored at -78°C until analyzed at the end of the study. Analyses were 
based on the measurement of immunoprecipitation enhanced by polyeth- 
ylene glycol at 340 ram. An automated Kone Specific Clinical Analyzer 
and apo A-I and apo B reagents from Kone were used in the analyses. 
The CV for apo A-I within the measurement was 4.1% (one standard), 
and for apo B, 2.6% (one standard). 

Lipoprotein(a). Apolipoprotein(a) [Apo(a)] in lipoprotein(a) [Lp(a)] 
was measured using the solid-phase two-site immunoradiometric assay 
from Mercodia (Uppsala, Sweden; the same assay was formerly 

supplied by Pharmacia Diagnostics, Uppsala, Sweden). This assay is 
based on a direct sandwich principle in which two monoclonal 
antibodies are directed against separate antigenic determinants on the 
Apo(a) molecule. The assay is calibrated against a highly purified Lp(a) 
preparation. The concentration of Apo(a) is expressed in units per liter. 
One unit of Apo(a) is approximately 0.7 mg Lp(a). The analytical 
parameters were validated to meet the criteria as defined by the 
manufacturer. The method sensitivity is 8.4 U/L (routine standardiza- 
tion at 16.8 to 840 U/L), and levels above 840 U/L were reanalyzed after 
further dilution (measuring range, -<3,360 U/L). Reasonably low assay 
imprecision was found: between-assay CVs were 2.5%, 7.1%, 3.5%, 
and 6.0% at Lp(a) levels of 93.5, 123, 311, and 372 U/L, respectively. 
The assay is specific to Apo(a), and apo B has no measurable 
cross-reaction. Serum plasminogen up to 5 g/L yields no measurable 
cross-reaction in the assay. 

Fatty acid composition of serum triglycerides and serum cholesteryl 
esters. In the analysis of fatty acid composition of serum triglycerides 
and serum cholesteryl esters, serum lipids were extracted with chloro- 
form-methanol (2:1), and the lipid fractions were separated by solid- 
phase extraction with an aminopropyl column. 26 The fatty acids of 
triglycerides and cholesteryl esters were transmethylated with 14% 
borontriflnoride in methanol and analyzed with a gas chromatograph 
(HP 5890 Series H; Hewlett-Packard, Waldbronn, Germany) equipped 
with a HP-FFAP capillary column. 

Hemostatic factors. The fibrinogen level was measured with an 
ACL 300 R coagulometer (Instrumentation Laboratory, Milan, Italy) 
from the light scattered by the clot during the prothrombin time assay 
(PT-fibrinogen; Instrumentation Laboratory). A single lot of IL Calibra- 
tion plasma was used as a standard throughout the study. The intraassay 
precision of the method is 3.6%, and interassay precision is 2.3%. The 
samples were measured in duplicate; the difference of the duplicates 
should lie within 10% of the mean, or the analysis was repeated using a 
split sample} 7 

Factor VII (FVII) coagulant activity (FVII:C) was measured with the 
one-stage method using rabbit brain thromboplastin (Thromboplastin 
IS; Baxter Dade, Miami, FL) and human immnnodepleted FVII- 
deficient plasma (Behring, Marburg, Germany). The assays were 
performed with the ACL 300 R coagulometer. A frozen plasma pool was 
used as a standard. The intraassay precision of this method is 2.4%, and 
the interassay precision is 3.9%. 27 

Blood samples for measurement of hemostatic factors were taken 
without compression. If the first puncture was not successful, the 
samples were taken from the contralateral arm. All deviations from the 
normal procedure, such as difficulty in blood collection or in prepara- 
tion of the sample, nausea or fainting, and use of analgesics, were 
recorded. 

FSIGT 

A FSIGT was performed as previously described. 28 Due to technical 
difficulties, data are available for 14 of 15 subjects. First, two 
intravenous catheters were inserted in the antecubital veins on both 
arms, and fasting samples were drawn. A glucose dose of 300 mg/kg 
body weight was administered intravenously as a 50% solution over 1.5 
minutes, followed by 10 mL 0.9% NaC1 solution. Thereafter, a 0.9% 
NaC1 solution was slowly infused until a bolus of insulin 0.03 U/kg was 
rapidly injected 20 minutes after the glucose dose. NaC1 infusion was 
continued for 1.5 minutes after the insulin dose. To determine plasma 
glucose and insulin levels, venous blood samples were collected before 
the glucose dose ( - 5  and 0 minutes) and after the glucose dose (at 2, 4, 
6, 8, 10, 12, 14, 16, 19, 22, 24, 27, 30, 40, 50, 60, 70, 90, 100, 120, 140, 
160, and 180 minutes) via a catheter in the contralateral arm. To 
arterialize the venous blood, the arm was kept on a 50°C electric pad 
during the test. Plasma glucose was analyzed by a glucose oxidase 
method (Glucose Auto & Stat, Model GA-I10; Daiichi, Kyoto, Japan) 
and plasma insulin by a radioimmunoassay (RIA) method (Phadaseph 
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Insulin RIA 100; Pharmacia Diagnostica, Uppsala, Sweden). The data 
were analyzed by calculating the glucose effectiveness (S~) and insulin 
sensitivity index (SI) with the Minmod program. 29 In addition, FPIR 
was determined by calculating the area under the insulin curve above 
the baseline level from 0 to 10 minutes. 

Statistical Analyses 

The data were analyzed using the SPSS/PC+ (version 4.0; SPSS, 
Chicago, IL) statistical program. 3° Before further analysis, normal 
distribution of the variables was checked with the Kolmogorov- 
Smirnov test. Paired t tests were used for two-tailed comparisons. The 
results of FSIGTs were analyzed by Friedman's test. To control the 
overall e~ level, Bonferroni adjustment was used. Data are expressed as 
the mean -+ SEM, and a P value less than .05 was considered 
statistically significant. 

RESULTS 

Weight, Blood Pressure, and Diets 

The mean value for measurements after the 2-week run-in 
and washout periods was taken as a baseline value in this study. 
Body weight (BMI after baseline diet, 22.1 + 0.6 kg/m2; after 
stearic diet, 22.0 + 0.6 kg/m2; after oleic diet, 22.0-+ 0.6 
kg/m 2) and blood pressure (data not shown) remained stable 
during the study. The goals of the experimental diets were well 
achieved. The difference in the stearic acid content between 
experimental diets was 4.5 E%, and for monounsaturated fatty 
acids the difference was 6.5 E%. The amount of other energy 
nutrients, as well as dietary cholesterol and fiber, did not differ 
between the diets. The data for food records from the diet 

periods are shown in Table 1. 

Fatty Acid Composition of Serum Lipids 

After the stearic diet, the proportion of stearic acid was 
significantly higher in both serum triglycerides (Table 2) and 
cholesteryl esters (Table 3) as compared with the oleic diet. The 
proportions of both stearic acid and oleic acid were increased as 
compared with the baseline diet. After the oleic diet, the 
proportion of oleic acid increased and was significantly higher 

Table 1. Energy Intake, Proportion of Energy Nutrients, and Intake of 
Dietary Cholesterol and Fiber During the Diet Periods 

Baseline Die t  Stearic Diet Oleic Diet 
Parameter (n = I5) (n = 15) (n = 15) 

Energy 

kJ 7,918 ± 355 7,584 ± 238 7,602 ± 303 

kcal 1,885 ± 85 1,806 ± 57 1,810 ± 72 

Fat (E%) 40.0 ± 0.5 38.9 ± 0.6 40.5 ± 0.7 

Fatty acids (E%) 

Saturated 18.1 _+ 0,3 18.5 _+ 0.4 12.8 ± 0.4 

Lauric acid 0.8 ± 0.0 0.4 ± 0.0 0,4 ± 0.0 

Myristic acid 2.5 ± 0.1 1.3 ± 0.0 1.4 ± 0.1 

Patmitic acid 8.4 _+ 0.1 8.3 + 0.2 6.9 ± 0.2 

Stearic acid 3.0 _+ 0.0 6.8 ± 0.2 2.3 _+ 0.1 

Monounsaturated 12.7 ± 0.3 12.1 -+ 0.2 18.6 -+ 0.3 

Polyunsaturated 6.5 ± 0.3 6.4 ± 0.4 6.4 ± 0.2 

Linoleic acid 5.7 _+ 0,3 5.7 ± 0.4 5.7 ± 0.2 

cx-Linolenic acid 0.5 ± 0.1 0.4 ± 0,0 0.5 -+ 0.0 

Carbohydrate (E%) 43.3 ± 0,3 44.8 ± 0.5 41.6 ± 1.0 

Protein (E%) 14.1 ± 0.3 13.6 + 0.4 14.2 ± 0.4 

Cholesterol (mg/MJ) 32.0 _+ 1.8 30.4 + 2.7 28.2 ± 1.9 

Fiber (g/M J) 3.0 ± 0.2 2.9 -+ 0.2 2.8 ± 0.2 

Table 2. Fatty Acid Composition of Serum Triglycerides (mol% 
of total) After Consumption of the Baseline Diet 

and Experimental Diets 

Baseline Stearic 
Diet Diet Olei6 Diet 

FattyAcid (n = 15) (n = 15) (n = 15) P§ 

Myristic (C14:0) 3.11 ± 0.14 2.52 ± 0.27 2.43 _+ 0.14t NS 

Palmitic (C16:0) 28.19 _+ 0.56 27.63 ± 0.87 26.42 ± 0.62* NS 

Palmitoleic 4.75 ± 0.23 3.79 ± 0.27t 4.21 + 0.29* NS 

(C16:1) 

Stearic (C18:0) 3.08 -+ 0.08 4.87 ± 0.295 2.77 _~ 0.11" <.001 

Oleic (C18:1, n-9)lJ 38.15 ± 0.40 39.78 -- 0.30t 43.75 _+ 0.66~ <.001 

Linoleic (C18:2, 19.10 _+ 0.55 17.94 ± 1,02 17.01 _~ 0.56t NS 

n-6) 

-y-linolenic (C18:3, 0.40 ± 0.03 0.47 ± 0.06 0.45 _~ 0.06 NS 

n-6) 

cx-linolenic (C18:3, 1.30 ± 0.06 1.19 ± 0.13 1.18 ± 0.07 NS 

n-3) 

Dihomo--y-linole- 0.29 _+ 0.02 0.30 ± 0.05 0.29 ± 0.03 NS 

nic (C20:3, n-6) 

Arachidonic 0.98 _+ 0.04 0.93 ± 0.05 0.91 -+ 0.08 NS 

(C20:4, n-6) 

Eicosapentaenoic 0.36 ± 0.04 0.34 ± 0.02 0.32 ± 0.03 NS 

(C20:5, n-3) 

Docoeapentae- 0.30 _+ 0.03 0,24 _+ 0.03* 0,26 + 0.04 NS 

noic (C22:5, n-3) 

* P <  .05, t P <  .01, 5P< .001: vbaseline diet. 

§P for the difference between the experimental diet periods. 

IIIncludes C18:1, n-7. 

Table 3. Fatty Acid Composition of Serum Cholesteryl Esters (mol% 
of total) After Consumption of the Baseline Diet and 

Experimental Diets 

Baseline Stearic 
Diet Diet Oleic Diet 

FattyAcid (n = 15) (n = 15) (n = 15) P§ 

Myristic(C14:0) 1 .24-  0.03 0.89 ± 0.065 1.00 _+ 0.055 NS 

Palmitic (C16:0) 12.25 ± 0.20 11.73 ± 0.26* 12.36 ± 0,19 <.05 

Palmitoieic 3.24 ± 0.26 2.82 ± 0.26 3.38 ± 0.53 NS 

(C16:1) 

Stearic (C18:0) 1.08 ± 0.12 1.27 _+ 0.09 0.96 ± 0.06 <.01 

Oleic (C18:1, n-9)]l 17.80 ± 0.26 18.57 ± 0.38" 21.05 ± 0.27~ <.001 

Linoleic (C18:2, 56.12 _+ 0.60 57.07 -+ 0.78 53.56 ± 0.92t <.05 

n-6) 

h,-linolenic (C18:3, 0.55 ± 0.03 0.53 ± 0.05 0.58 ± 0.05 NS 

n-6) 

c~-Iinolenic (C18:3, 0.66 ± 0.02 0.62 _+ 0.05 0.64 -- 0,04 NS 

n-3) 

Dihomoq,-linole- 0.67 _+ 0.04 0.55 ± 0.05 0.51 _+ 0.05 NS 

nic (C20:3, n-6) 

Arachidonic 4.86 ± 0.21 4.55 ± 0.22 4.50 ± 0.19 NS 

(C20:4, n-6) 

Eicosapentaenoic 0.82 ± 0.11 0.77 ± 0.10 0.87 ± 0.12 NS 

(C20:5, n-3) 

Docosahexaenoic 0.59 ± 0.07 0.62 ± 0.07 0.59 ± 0.05 NS 

(C22:6, n-3) 

* P <  .05, t P <  .01, 5P< .001: vbaseline diet. 

§ Pfor the difference between the experimental diet periods. 

IIIncludes C18:1, n-7. 
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Table 4. Sz, SG, and FPIR at the End of the Run-in Period and After 
Consumption of the Experimental Diets 

Run-in Period Stearic Diet Oleic Diet 
Parameter (n = 14) (n = 14) (n = 14) P~ 

S~ (10 -4 rain 1. 5.28 ± 1.44 5.42 ± 1.87 5.20 +- 1.61 NS 

pU - mL -1) 

SG (min-~) 0.028 ± 0.005 0.026 _+ 0.006 0.026 +_ 0.003 NS 

FPIR (mU/L • rain) 386 ± 72 368 ± 57 374 ± 66 NS 

• P for the difference between the experimental diet periods. 

in both lipid fractions as compared with the stearic diet and 
baseline diet. 

Glucose and Insulin Metabolism 

At baseline, S~ was 3.3 to 9.9 x 10 -4 rain - t  • taU -1 • mL -1. 
No differences were found in SI, SG, or FPIR at the end of the 
experimental diet periods (Table 4). Insulin and glucose curves 
during the FSIGT are shown in Fig 1. 

Serum Lipids, Lipoproteins, and Clotting Factors 

There were no differences in serum lipid, lipoprotein, apo A-I 
and B, or Lp(a) concentrations after the experimental diet 
periods (Table 5). In addition, coagulation factor levels were 
similar after the experimental diet periods (Table 6). 

As a secondary analysis the results for serum lipids and 
lipoproteins at the end of the stearic and oleic diets were 
compared with results at the end of the baseline diet. The serum 
total cholesterol level was 7.7% lower after the stearic diet and 
5.9% lower after the oleic diet compared with the baseline diet. 
Similarly, the LDL-cholesterol concentration was reduced by 
9.9% versus 6.4% after the stearic and oleic diets, respectively. 
HDL-cholesterol was significantly lower after the stearic diet 
(5.3%) and also tended to be lower after the oleic diet (4.7%) in 
comparison to the baseline diet. Serum tfiglycefide concentra- 
tions remained stable during the study. The serum apo A-I 
concentration was 6.6% lower after the stearic diet and 5.0% 

Table 5. Concentrations of Serum Total and Lipoprotein Cholesterol, 
Total and Lipoprotein Triglycerides (mmol/L), Apo A-I and B (g/l) ,  

and Lp(a) (U/L} After Consumption of the Baseline Diet and the 
Experimental Diets 

Basel ine Diet  Stear ic  Diet  Ole ic Diet  

Paramete r  (n = 15) (n = 15) (n = 15) P§ 

Cholesterol 

Total 4.84 ± 0,15 4.46 ± 0.14t 4.54 ± 0.14" NS 

HDL 1.52 ± 0.06 1.43 ± 0.05* 1.44 +_ 0.06 NS 

LDL 2.95 + 0.13 2.64 _+ 0.101 2.73 ± 0.09* NS 

VLDL 0,37 ± 0,03 0.39 ± 0.05 0,36 ± 0,03 NS 

Triglycerides 

Total 0.84 ± 0.06 0.81 ± 0.07 0.87 ± 0,08 NS 

HDL 0.18 ± 0.01 0.18 _+ 0,01 0.18 ± 0.02 NS 

LDL 0.23 ± 0.01 0.23 ± 0.01 0.23 ± 0.02 NS 

VLDL 0.43 ± 0.05 0.40 ± 0.06 0.47 ± 0.06 NS 

Apolipoproteins 

and Lp(a) 

Apo A-I 1.29 ± 0.04 1.20 _+ 0.03t 1.22 ± 0.04* NS 

Apo B 0.62 ± 0.03 0.55 -+ 0.02~ 0.57 _+ 0.02* NS 

Lp(a) 206.8 ± 70.4 200.6 ± 60.1 184.3 ± 60,2 NS 

* P <  .05, t P <  .01, t P <  .001: vbaseline diet. 

§Pfor the difference between the experimental diet periods. 

lower after the oleic diet compared with the baseline diet. For 
apo B, the reduction was 10.6% versus 7.0% after the stearic 
and oleic diets, respectively. 

DISCUSSION 

In the present study, the effect of stearic acid on glucose and 
insulin metabolism, serum lipids and lipoproteins, and clotting 
factors was evaluated in young healthy women. The experimen- 
tal diets differed only with respect to fatty acid composition, and 
the dietary goals were well achieved. Between the stearic diet 
and oleic diet, the difference in stearic acid content was 4.5 E%, 
and for monounsaturated fatty acids the difference was 6.5 E%. 
The changes in the fatty acid composition of serum cholesteryl 
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Table 6. Serum FVII:C Activity and Fibrinogen Concentration After 
Consumption of the Baseline Diet and Experimental Diets 

Basel ine Diet Stear ic Diet Oleic Diet 

(n = 14) (n - 14) (n = 14) P* 

FVII:C (%) 92.8 _+ 2.7 97.6 -- 3.9 96.4 _+ 3.9 NS 

Fibrinogen (g/L) 3,1 _+ 0.1 3.4 _+ 0.2 3.3 _+ 0.2 NS 

*P fo r  the difference between the experimental diet periods. 

esters and triglycerides support data from the food records 
indicating that dietary compliance in this study was good. 

There are only a few studies in which the effect of single 
saturated fatty acids on glucose and insulin metabolism has 
been examined. Schwab et a122 reported recently the effects of 
lauric acid- and palmitic acid-enriched diets on glucose and 
insulin metabolism in young healthy females. No differences in 
SG, $1, or insulin secretion measured by the FSIGT were found 
when 4 E% monounsaturated fatty acids in the baseline diet was 
replaced with either lanric or palmitic acid. In routine islets, 
prior incubation with stearic acid resulted in diminished insulin 
secretion in response to glucose stimulation.1 On the other hand, 
in rat adipocytes, stearic acid was shown to stimulate glucose 
transport in a study by Hunnlcutt et al. 3~ In the present study, the 
FSIGT was used to evaluate the effect of stearic acid on glucose 
and insulin metabolism. The FSIGT is considered a practical 
and reproducible method with acceptable intraindividual varia- 
tion in young healthy subjects. 32 Based on epidemiological data, 
saturated fat has been associated with the deterioration 842 and 
unsaturated fat with the improvement 33 of glucose tolerance, but 
in this study, the effect of stearic acid on glucose and insulin 
metabolism was similar to that of oleic acid. These results 
describe the effect of short-term changes in stearic acid intake in 
young healthy women. Although the results may be more 
pronounced had the duration of the dietary intervention been 
longer or the characteristics of the study subjects differed, it is 
highly unlikely that the study outcome would have been altered. 

Compatible with many previous studies, 16,17,34,35 the effect on 

serum lipids and lipoproteins was similar to that of oleic acid. 
However, it should be noted that an increase in the proportion of 
both oleic acid and stearic acid in serum triglycerides was seen 
after consumption of the stearic diet. This probably reflects the 
endogenous conversion of stearic acid to oleic acid, which has 
been suggested as one of the potential mechanisms for the 
neutral effects of stearic acid on lipid metabolism. This hypoth- 
esis was supported by animal experiments wherein a high 
conversion rate of stearic acid to oleic acid was demonstrated in 
rodent liver triglycerides 36 and mouse macrophage phospholip- 

ids. 37 In two recent human studies 38,39 that have addressed this 

issue, the estimate for the conversion rate of stearic acid to oleic 
acid varied from 9% to 14%. Thus, the conversion of stearic 
acid to oleic acid may contribute to the neutral effect of stearate 
on glucose and lipid metabolism observed in the present study, 
but it is unlikely that this pathway is the major mechanism. 

It has been proposed that stearic acid is not absorbed as well 
as the other fatty acids, and this could be one explanation for the 
unique effects of stearic acid. In fact, in some studies stearic 
acid has been found to be absorbed less well than other fatty 
acids, 4°-42 but in other studies no difference in absorbability 
compared with other fatty acids was seen. 43,44 There was no 
significant difference in body weight after the experimental diet 
periods in the present study. Furthermore, consumption of both 
the stearic diet and oleic diet resulted in significant increases in 
the proportion of stearic acid and oleic acid in serum triglycer- 
ides and cholesteryl esters, respectively. Thus, it seems unlikely 
that the effect of stearic acid in the present study could be 
explained by a lower absorption of this fatty acid. 

There are only a few in vivo studies on the effect of stearic 
acid on coagulation factors. With in vitro studies, stearic acid 
seems to promote coagulation. 18,19 So far, the results of in vivo 
studies are contradictory. In the metabolic feeding study by 
Tholstrup et al,20 stearic acid resulted in lower FVII:C activity 
compared with fats high in saturated fatty acids with 12 to 16 
carbon atoms. The duration of the diet periods was 3 weeks. In 
the intervention study by Mitropoulos et al, 21 plasma FVII:C 
was 6.5% and 13.1% higher after unsaturated- and saturated-fat 
diet periods, respectively, than after a low-fat diet. The diet 
periods lasted 4 weeks each. In addition, the plasma concentra- 
tion of stearic acid had a strong positive association with 
FVII:C. In the present study, the high-stearic acid diet did not 
affect the level of coagulation factors compared with the 
high-oleic acid diet. 

In conclusion, a high-stearic acid diet had a similar effect on 
serum lipids, lipoproteins, and coagulation factors as a high-  
oleic acid diet. Fm'thermore, stearic acid did not deteriorate 
glucose tolerance and insulin sensitivity. 
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