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Postprandial testosterone concentrations have been shown to significantly decrease after a fat-rich meal, which may be due

to inhibition of testosterone production by chylomicrons. We examined the effects of a high-fat diet known to reduce

postprandial chylomicrons on the testosterone response to a fat-rich meal. Total testosterone (TT), free testosterone (FT),

cortisol, and insulin responses to a high-fat test meal containing 5.44 MJ (1,300 kcal, 11% carbohydrate, 3% protein, 86% fat)

were determined before (week 0) and after (week 8) an 8-week high-fat diet (64% fat) in 11 healthy men. The high-fat diet

resulted in significant reductions in postabsorptive and postprandial serum triacylglycerols (55% and 50%, respectively).

There were no significant changes in postabsorptive serum TT, FT, and cortisol, but insulin concentrations were significantly

(P < .05) lower at week 8 (228%). There was a significant reduction 1 hour after the fat-rich meal for TT (222%) and FT (223%),

which remained significantly below baseline for 8 hours. Postprandial TT and FT responses were not significantly different

after the 8-week high-fat diet. Postprandial serum cortisol concentrations were significantly reduced 1 hour after the meal.

There were no significant differences before and after the high-fat diet. Insulin was significantly increased at the 0-, 1-, and

2-hour postprandial time points before and after the high-fat diet. Compared with week 0, insulin concentrations were

significantly lower prior to and immediately after the fat-rich meal at week 8. These data indicate a fat-rich meal results in a

prolonged reduction in TT and FT concentrations that is not altered by lowering postprandial chylomicrons. Alternative

mechanisms (eg, higher uptake at the receptor level of cells) other than chylomicron-induced or insulin-induced inhibition of

steroidogenesis are likely responsible for the reduction in TT and FT after a fat-rich meal.
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D IET AFFECTS TESTOSTERONE concentrations de-
pending on whether measurements are obtained in the

postabsorptive (ie, absorption of nutrients from the gastrointes-
tinal tract is complete) or postprandial (ie, time period between
food ingestion and 6 to 8 hours thereafter) state. Cross-sectional
studies comparing men who habitually consume different lev-
els of fat1,2 and diet intervention studies comparing testosterone
responses after consuming diets low and high in fat3-6 both
indicate that higher intakes of fat are associated with signifi-
cantly higher postabsorptive circulating testosterone concentra-
tions. We previously demonstrated significant positive correla-
tions between habitual consumption of dietary fat and
postabsorptive testosterone concentrations in men.7 Although
many studies have been performed demonstrating chronic diets
higher in fat are associated with higher postabsorptive testos-
terone concentrations, few studies have examined the acute
postprandial testosterone response to a meal.8

Meikle et al8 examined the testosterone responses to isoca-
loric high-fat and low-fat meals in men. Compared with the
low-fat meal, postprandial total and free testosterone (FT)
concentrations were approximately 30% lower for 4 hours after
consumption of the high-fat meal. The mechanism(s) underly-
ing the apparent paradox between acute and chronic fat intake
on circulating testosterone concentrations (ie, chronic high-fat
diets increase testosterone and acute fat intake decreases tes-
tosterone) are unclear. Meikle et al8 hypothesized the lower
postprandial testosterone response after the high-fat meal was a
result of an acute increase in chylomicrons since chylomicrons
have been shown to reduce luteinizing hormone (LH)-stimu-
lated testosterone production in vitro.9

To test the hypothesis that chylomicrons inhibit the testos-
terone response to a fat-rich meal in vivo, we measured testos-
terone responses to a fat-rich meal before and after an 8-week
diet intervention previously shown by our laboratory to result
in dramatic decreases in postprandial chylomicrons.10 Since
other hormones may also interact with postprandial testoster-
one, such as cortisol and insulin,11,12 we also measured these

endocrine markers to examine if they might be associated with
the testosterone response to a fat-rich meal. We hypothesized
that the normal decrease in postprandial testosterone after a
fat-rich meal would be blunted after a diet intervention that
lowers postprandial chylomicrons.

MATERIALS AND METHODS

Experimental Design

All subjects participated in an 8-week free-living dietary intervention
between the months of February and mid-April. Prior to the dietary
intervention, each participant’s habitual diet was determined via a
7-day food diary. Fasting blood samples were obtained from an ante-
cubital vein with a 20-gauge needle and vacutainers between 7:00AM

and 9:00AM after a 12-hour overnight fast and abstinence from alcohol
and strenuous exercise for 24 hours prior to collection of blood. Blood
samples were collected before and after 1 week of habitual diet and on
2 consecutive days after 2, 4, 6, and 8 weeks of the intervention diet.
Postprandial triacylglycerol and hormone responses to a fat-rich test
meal were measured prior to and after the intervention diet.

Subjects

Eleven Caucasian men free of metabolic and endocrine disorders
volunteered to participate in this study. All subjects were informed of
the purpose and possible risks of this investigation prior to signing an
informed consent document approved by the Institutional Review
Board at Ball State University. The physical characteristics of the
subjects were mean6 SD, age, 276 8 years; height, 1786 7 cm; and
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weight, 79.06 11.9 kg. Subjects were not adhering to special diets or
regular consumers of nutritional supplements and habitually consumed
between 29% and 39% of energy as fat (assessed via a 7-day food
diary). All subjects were nonsmokers and none were taking any med-
ications. Subjects were moderately active and had been performing the
same exercise routines for at least 6 months prior to the study and
maintained their exercise program throughout the entire experimental
period (assessed via activity records).

Dietary Intervention

The diet was designed so that fat comprised 65% to 70% of energy
primarily from monounsaturated fat (30% to 35% of energy). Dietary
cholesterol was also restricted to less than 500 mgz d21. The actual
diets consumed were mainly comprised of lean beef (eg, hamburger,
steak), poultry (eg, chicken, turkey), fish, canola and olive oils, various
nuts/seeds and peanut butter, moderate amounts of vegetables, salads
with low-carbohydrate dressing, moderate amounts of cheese, egg sub-
stitute (1 whole egg per day), protein powder, and water or low-
carbohydrate diet drinks. Subjects were also provided with and required
to consume 2.5 gz d21 of a fiber supplement blend (Fibersol Capsules;
Twin Laboratories, Hauppauge, NY), 2.5 gz d21 of n-3 fatty acids
(1.8 g eicosapentaenoic acid [EPA] and 0.7 g docosahexaenoic acid
[DHA]) from fish oil concentrate (Dale Alexander TwinEPA; Twin
Laboratories), and a daily multivitamin/mineral complex (Daily One
Caps With Iron, Twin Laboratories). Adherence to the diet was as-
sessed by monitoring urine ketones daily and serum ketones (b-hydro-
xybutyrate concentrations) biweekly. All subjects demonstrated ele-
vated blood and urine ketones indicating a high degree of compliance
to the dietary protocol.

Fat-rich meal. Before and after the 8-week high-fat diet, subjects
reported to the laboratory after a 14-hour overnight fast between 6:00
AM and 8:00AM and consumed a fat-rich meal containing 5.44 MJ
(1,300 kcal), 11% carbohydrate, 3% protein, 86% fat, 52 g saturated
fat, 59 g monounsaturated fat, 12 g polyunsaturated fat, and 276 mg
cholesterol. Prior to the meal, a flexible cannula was inserted into a
forearm vein, which was kept patent with a constant saline drip (60
mL z h21). Subjects rested in a seated position for 10 minutes to allow
plasma volume changes to stabilize and 2 baseline blood samples were
obtained 10 minutes apart with a 10-mL syringe. The first 3 mL of
blood withdrawn was discarded to avoid dilution of the sample, and
approximately 10 mL was subsequently withdrawn and processed.
Postprandial blood samples were obtained immediately after the meal
and hourly for a total of 8 hours to assess total and FT responses to the
meal. Samples for cortisol and insulin were obtained for 1 and 3 hours
after the meal, respectively. Subjects rested quietly in a seated position
and consumed exactly 1 L of water only during the 8-hour postprandial
period.

Blood Analyses

Fasting and postprandial whole blood samples were collected into 10
mL vacutainer tubes with a clot activator. Within 15 minutes, whole
blood was centrifuged at 3,0003 g for 15 minutes at 10°C and the
resultant serum stored frozen at280°C. Serum total testosterone (TT),
FT, cortisol, and insulin were assayed in duplicate using solid-phase
125I radioimmunoassays (Diagnostic Systems Laboratory, Webster,
TX) with detection limits of 0.3 nmolz L21, 0.6 pmolz L21, 8.3 nmolz
L21, and 9.3 pmolz L21, respectively. All fasting and postprandial
samples for each hormone were determined in the same assay to avoid
interassay variance and were thawed only once for each assay proce-
dure. Intra-assay variances for all hormones were less than 7%.

Statistical Analyses

Two fasting samples were obtained on different days for serum
triacylglycerols and hormones. The mean of these 2 values was used for

statistical analysis. A 1-way repeated-measures analysis of variance
(ANOVA) was used to evaluate biweekly changes in triacylglycerols
and hormones over the 8-week high-fat diet. A 2-way ANOVA with
postprandial time point and diet condition (pre and postdiet) as main
effects was used to evaluate changes in postprandial responses. When
a significant F value was achieved the Fisher’s LSD test was used to
locate the pairwise differences between means. The total area (serum
concentration3 time) under the line connecting postprandial values
was calculated using the trapezoidal method. Relationships between
variables were examined using Pearson’s product-moment correlation
coefficient. The level of significance was set atP # .05.

RESULTS

Dietary intake and postabsorptive and postprandial triacyl-
glycerol responses are described in detail in another report10;
this report includes data from 1 additional subject. The per-
centage of total calories from carbohydrate, protein, and fat
were 44%6 6%, 16% 6 2%, and 37%6 3% during the
subject’s habitual diet and 7%6 2%, 28%6 3%, and 64%6
3% during the high-fat diet. Monounsaturated fat accounted for
9% of total calories during the habitual diet and 31% of total
calories during the high-fat diet. Cholesterol intakes were not
significantly different during the habitual and high-fat diets
(312 6 74 and 3976 78 mg, respectively. Postabsorptive
serum triacylglycerols significantly decreased by –55%, and the
integrated 8-hour area under the postprandial triacylglycerol
curve was significantly decreased by –50% at week 8.

Biweekly postabsorptive hormone responses to the 8-week
high-fat diet are presented in Table 1. There were no significant
effects of the high-fat diet on serum TT, FT, or cortisol.
Compared with week 0, serum insulin concentrations signifi-
cantly decreased at week 8 (228%).

There were main time effects for both total and FT responses
to the fat-rich meal. Concentrations of both total and FT were
highest before the meal (20.06 1.0 nmolz L21 and 96.66 8.3
pmol z L21, respectively) and declined 22% and 23%, respec-
tively, at the 1-hour postprandial time point (Fig 1). Total and
FT remained significantly below the premeal values for the
entire 8-hour postprandial period. Serum cortisol concentra-
tions were significantly reduced at the 1-hour postprandial time
point, but there were no significant differences between week 0
and week 8 (Fig 2). Postprandial serum insulin concentrations
were significantly increased at the 0-, 1-, and 2- hour postpran-
dial time points. Compared with week 0, insulin concentrations
were significantly lower prior to and immediately after the
fat-rich meal at week 8 (Fig 3).

Table 1. Serum TT and FT, Insulin, and Cortisol Responses to an

8-Week High-Fat Diet

Time Point
TT

(nmol z L21)
FT

(pmol z L21)
Insulin

(pmol z L21)
Cortisol

(nmol z L21)

Week 0 24.8 6 2.6 119.7 6 11.8 56.7 6 7.8 738 6 60
Week 2 24.1 6 3.2 111.4 6 13.3 48.5 6 7.2 733 6 64
Week 4 25.2 6 2.6 110.9 6 9.4 57.0 6 8.3 671 6 63
Week 6 22.3 6 1.6 110.6 6 13.1 49.5 6 6.5 644 6 72
Week 8 22.8 6 1.9 108.1 6 12.4 40.8 6 6.5* 647 6 64

NOTE. Values are mean 6 SE.
Abbreviations: TT, total testosterone; FT, free testosterone.
*P # .05 from corresponding week 0 value.
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Regression analyses were performed to examine relation-
ships between postprandial triacylglycerols, insulin, and corti-
sol with the total and FT responses. There were no consistent
correlations using individual time points and area under the
curve estimates between postprandial serum triacylglycerol,
insulin, or cortisol responses and the postprandial testosterone
responses except for a relationship between the 3-hour insulin
and the 3-hour TT area under the curves after the high-fat diet
(r 5 .677;P 5 .022).

DISCUSSION

The significant decrease in serum testosterone concentrations
observed after consumption of a meal in this study is consistent
with our prior work11 and the findings of other investigators.8,12,14

The mechanism by which oral food intake, in particular fat-rich
meals, decreases testosterone concentrations is unknown. Based
on data from an in vitro model, it has been hypothesized that
elevated chylomicrons after a fat-rich meal might inhibit tes-
tosterone production.8,9 In this study, we examined the post-
prandial testosterone response before and after a diet interven-
tion known to reduce chylomicrons by approximately one half.

Despite a significant reduction in postprandial chylomicrons
after the diet intervention, the total and FT responses to a
standardized fat-rich meal were not significantly altered. This
finding casts doubt on the hypothesis that postprandial chylo-
microns are responsible for the reduction in testosterone typi-
cally observed after consumption of a fat-rich meal.

Dietary triacylglycerols are digested primarily in the lumen
of the small intestines by pancreatic lipase into fatty acids and
monoglycerols that enter the cytosol of the intestinal cell.
Inside the intestinal cell the fatty acids and monoglycerol are
reassembled into chylomicrons that enter the lymphatic system
and eventually the systemic circulation. Chylomicrons are then
hydrolyzed into nonesterfied fatty acids (NEFA) by various

Fig 1. Postprandial serum TT (A) and FT (B) responses to a fat-rich

meal before (week 0) and after (week 8) a high-fat diet. *P < .05 from

corresponding pre value.

Fig 2. Postprandial serum cortisol responses to a fat-rich meal

before (week 0) and after (week 8) a high-fat diet. *P < .05 from

corresponding pre value.

Fig 3. Postprandial serum insulin responses to a fat-rich meal

before (week 0) and after (week 8) a high-fat diet. *P < .05 from

corresponding pre value. †P < .05 from corresponding week 0 value.
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lipases located on the endothelial surface of capillaries. NEFA
then enter cells where they can be transported into the mito-
chondria and oxidized, stored as triglycerides, or exchange with
membrane phospholipids. It has been suggested that NEFA can
interfere with steroidogenesis through various mechanisms at
the level of the Leydig cells in the testes.9,15 Considering the
temporal relationship between oral fat intake and an effect of
chylomicrons on testosterone production at the Leydig cell,
there would likely be a delay due to the time required for
digestion and absorption of dietary lipid, transport to Leydig
cells, and hydrolysis by lipases. Thus, the potential inhibitory
effects of chylomicrons on testosterone production/secretion
are probably not responsible for the normal reduction in tes-
tosterone concentrations after a fat-rich meal, but may impact
postabsorptive testosterone concentrations.

In a prior study, we observed significant reductions in postre-
sistance exercise circulating testosterone when a carbohydrate and
protein beverage was consumed immediately after the workout,
but not when a noncaloric placebo was consumed.11 The find-
ings from this study extend the inhibitory effect of a meal on
postprandial testosterone concentrations to include consump-
tion of carbohydrate and protein, as well as fat. Whether the
lower testosterone concentrations after the protein and carbo-
hydrate supplement were due to decreased testosterone produc-
tion/secretion or greater uptake/clearance is unknown.

To our knowledge, this is the first study to examine the
effects of a diet greater than 50% fat on postabsorptive testos-
terone concentrations. Based on findings from several studies,
we had hypothesized that postabsorptive testosterone concen-
trations would increase after the high-fat diet. For example,
Reed et al3 reported a 21% decrease in FT after switching from
2 weeks of a high-fat diet (.100 g fat/d) to 2 weeks of a low-fat
diet (,20 g fat/d). Ha¨mäläinen et al4 reported a 15% decrease
in TT concentrations in healthy normal-weight men who
switched from a diet consisting of 40% fat to a diet 25% in fat
for 6 weeks. Tsai et al5 reported 14% higher testosterone
concentrations in healthy men after 3 days of a high-fat diet
(60% fat) compared with 3 days of a low-fat diet (30%).
Finally, Dorgan et al6 reported 15% higher testosterone con-
centrations in healthy men who consumed a high-fat (41% fat)
diet compared with a low-fat (19% fat) diet for 10 weeks. Our
lack of a change in postabsorptive testosterone concentrations
could be due to the higher fat content of the diet. It seems that
switching from a diet about 20% fat to 40% fat is associated
with an increase in testosterone. Subjects in this study habitu-
ally consumed a diet about 37% fat and switched to a diet about
67% fat. There may be a threshold of fat intake beyond which
testosterone concentrations do not increase further.

An alternative explanation is that the type of fat influenced
our results. Changing the fatty acid composition of the diet may
alter the fatty acid composition of the testicular plasma mem-
brane and subsequently influence receptors and the functional
characteristics of the testes.16 The high-fat diet in this study was
rich in n-3 polyunsaturated fatty acids from fish oil and oleic
acid from olive and canola oil, and relatively low in cholesterol.
Rats fed high- and low-cholesterol diets rich in either linseed
oil, fish oil, or beef tallow demonstrated a decrease in the
binding capacity of the LH receptor in animals fed the linseed
oil and fish oil diets, and the decrease was greater when fed low

levels of cholesterol.16 Oleic acid has also been shown to be a
potent inhibitor of LH-stimulated testosterone production in
vitro9 by inhibiting cholesterol esterase and cholesterol utiliza-
tion in Leydig cells.17 Based on data from these in vitro studies,
the fatty acid profile and cholesterol content of our chronic
high-fat diet (ie, rich in fish oil and oleic acid and low in
cholesterol) may have prevented us from observing an increase
in postabsorptive testosterone concentrations that is typically
observed when dietary fat is increased.

Studies have reported opposite responses of postprandial
testosterone and insulin after a meal (ie, when testosterone is
lowest, insulin is highest and vice versa).11,13,14The impact of
insulin on testosterone is far from clear. Using the insulin
clamp technique, infusions of insulin were shown to result in
either no change or increases in testosterone.18 Insulin has also
been shown to increase the clearance of dehydroepiandros-
terone (DHEA) in men,19 although DHEA is probably quanti-
tatively more important for testosterone synthesis in wom-
en.20,21In men, there is an inverse relationship between insulin
and testosterone,22 whereas in women, increased androgenicity
is associated with insulin resistance.23 Since we observed no
consistent correlations between insulin and testosterone re-
sponses before the diet nor were the changes in insulin and
testosterone related, our data indicate insulin is not associated
with the reduction in testosterone after a meal.

We observed a significant decrease in fasting and postprandial
insulin responses after the high-fat diet. Decreases in resting in-
sulin concentrations have been reported in response to 3 to 4
days of a low-carbohydrate diet high in fat.24-28The mechanism
for such a response probably resides in the greater reliance on
fat oxidation induced by dietary carbohydrate restriction29 and
subsequent reduced requirement for insulin to assist in glucose
uptake. To our knowledge, the reduced postprandial insulin
response to a fat-rich meal observed after the high-fat diet has
not been reported in the literature. Postprandial insulin concen-
trations after glucose ingestion (1.5 gz kg21) were significantly
increased after 3 days of a high-fat diet.30 The present study
was much longer in duration (56 dayv 3 days) and the meal
lower in carbohydrate content (about 35v more than 100 g),
which confounds comparison of these 2 studies.

One limitation in our design was that we did not have a
control condition where we measured testosterone concentra-
tions without a meal. This would have controlled for the pos-
sible effects of a circadian rhythm of testosterone. However,
postprandial trials were all performed at the same time of day
for each subject between 6:00 and 8:00AM. According to the
typical circadian rhythm, testosterone concentrations should
have been increasing between these morning hours31 as op-
posed to the reduction we observed after the fat-rich meal.
Thus, the reduction in testosterone is likely not an artifact of an
underlying circadian rhythm.

The clinical significance of a decrease in circulating testos-
terone concentrations after a meal, especially a fat-rich meal, is
difficult to predict, because it is unknown at this time whether
the reduction in testosterone is due to increased uptake at the
tissue level, decreased synthesis/secretion, or some other un-
known mechanism. If, in fact, testosterone synthesis is inhib-
ited, the known physiologic effects of hypogonadal function
(eg, decreased protein synthesis, decreased sperm count, etc)
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are well documented. The clinical ramifications of such a
response, if truly representative of hypogonadal function, may
well have long-term adverse metabolic and catabolic effects for
the male. This may be underscored with aging or pathologic
disease.

In summary, switching from a diet consisting of 37% fat to a
diet 64% fat did not alter the postprandial reduction in testosterone
concentrations observed after a fat-rich meal despite lowering
postprandial triacylglycerols by more than 50%. These data indi-
cate that the mechanism by which a fat-rich meal lowers testos-
terone concentrations is probably not mediated via chylomicron-
induced inhibition of steroidogenesis as previously demonstrated

in vitro.9 While chylomicrons are probably not responsible for
the reduction in postprandial testosterone concentrations, fatty
acids derived via lipase action on chylomicrons may still be in-
volved in inhibiting testosterone synthesis. Because fatty acids
were not measured in this study, we cannot comment on the
viability of this mechanism. Our lack of associations between
insulin and testosterone suggests that insulin-induced inhibition
of testosterone production/secretion is probably not a viable
mechanism to explain the reduction in testosterone after a fat-
rich meal either. Alternative theories to explain the mechanisms
responsible for chronic diet and meal-induced alterations in
testosterone should be explored.
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