
Introduction

This study investigates how the consumption of saturated fat or unsaturated fat affects 
insulin sensitivity in the muscle of people. 

Conclusions

A high fat meal decreases blood sugar disposal/clearance and reduces the sensitivity of 
the body to insulin, but does not change the amount of insulin secreted. There is likely a 
greater effect with saturated fat heavy meals vs unsaturated fat heavy meals. 

A high saturated fat, low unsaturated fat meal increases diacylglycerol levels (it does in a 
high unsaturated meal, as well), as well as increases Protein Kinase C activation, as well 
as ceramide formation - this also coincides with reduces IRS and Akt signaling (insulin 
signaling). 

Amendments

STUDY 30

Dietary palmitate and oleate differently modulate 
insulin sensitivity in human skeletal muscle
Theresia Sarabhai
Wednesday, February 2, 2022 9:59 AM

   Study 30 Page 1    



Intro

Intro: Western diets have been associated with increased insulin resistance (reduced insulin 
sensitivity). Previously, this lab showed that skeletal muscle insulin resistance is associated with 
activation of diacylglycerol (DAG) and Protein Kinase C, which inhibit the insulin signaling 
cascade. In other studies where humans have been exposed to monounsaturated fats, the 
researchers have seen this pathways (DAG-PKC) is also active in lean individuals when exposed 
to the fats, or even in obese individuals without infusion of fat. Other mechanisms recognized as 
having an effect on insulin sensitivity were not more active, like abnormal mitochondrial function. 
It may not just matter about the type of fat, but the amount of fat exposure at once. These two 
fats - saturated and unsaturated - seem to work through different mechanisms. 

   Study 30 Page 2    



Intro

Figure 1
16 participants were involved in this study (10 men, 6 women), using a cross over design (meaning, 
with each treatment, all participants would be exposed and results measured). All participants were 
20-40 years of age (young), and normal weight (BMI: 20-25), and were otherwise healthy. 

The study consisted of three sections. 
1. Pre-Basal: Muscle biopsy and calorie expenditure measured to determine a baseline. 
2. Basal Period: Participants were fed one of three nutritional treatments: Palm Oil (48% saturated fat, 
35% monounsaturated, 15% polyunsaturated), Safflower oil (8% saturated fat, 65% monounsaturated 
fat, 23% polyunsaturated fat), Control (water). During this period, participants had two muscle 
biopsies (2 hours after consumption and 4 hours consumption), as well as another measure of calorie 
expenditure about 5 hours later.
3. Clamp Period: Participants had insulin and glucose (sugar) infusion to determine blood sugar 
regulation/insulin sensitivity, as well as another muscle biopsy and calorie expenditure measure. 
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Figure 2
This data shows a series of blood measures across the three phases of the study (detailed in Figure 1 -
Pre-Basal, Basal, and Clamp). PAL: High Saturated Fat, Low Unsaturated Fat, SAF: Low Saturated Fat, 
High Unsaturated Fat, VCL: No Fat

Primary Results
- Chylomicrons increased with both fats, but remained elevated longer in PAL.
- Triglycerides increased with both fats, slightly higher with PAL.
- Non-esterified Fatty Acids (NEFAs) increased with PAL.
- Palmitate (saturated fat) increased in the blood with PAL.
- Oleate (unsaturated fat) increased with both fats. 
- Linoleic acid (unsaturated fat did not differ between conditions.

Take Away: Chylomicrons are packaging molecules for fats from the intestines, so it is expected they 
would increase and then gradually fall. Triglycerides are a similar story. Interestingly, NEFAs are higher 
in the high saturated fat consumption only - could this mean less is entering the cells? Predictably, each 
fat condition experienced increases in their respective fats (palmitate/palmitic acid increased in the 
saturated fat, and so on).
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Figure 3
This data shows a series of blood measures (hormones, blood sugar, etc.) across the three phases of the 
study (detailed in Figure 1 - Pre-Basal, Basal, and Clamp). PAL: High Saturated Fat, Low Unsaturated Fat, 
SAF: Low Saturated Fat, High Unsaturated Fat, VCL: No Fat.

Primary Results:
- Glucagon-like Peptide and Gastric Inhibitory Peptide are elevated only in the fat consumption conditions, 
with greater increases with the unsaturated fat condition.
- Glucagon is elevated in the saturated fat condition. 
- Insulin secretion is not different between the conditions. 
- Blood sugar is not different between the conditions. 
- Glycerol is elevated in the control condition. 

Take Away: Satiety and insulin stimulating hormones GIP and GLP are more elevated by unsaturated fats, 
but insulin secretion is unaffected by either fat; the same is true for blood sugar levels - unaffected by one fat 
dense meal. 
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Figure 4
This data shows a series of blood measures (hormones, blood sugar, etc.) in just the clamp phase described in 
Figure 1. Here, the researchers are adding insulin and glucose (sugar) to the blood stream and measuring the 
amount of blood sugar clearance, as well as how much insulin they have to add to the blood stream (a proxy for 
the amount of "help" the body needs in clearing blood sugar - this measures insulin sensitivity). PAL: High 
Saturated Fat, Low Unsaturated Fat, SAF: Low Saturated Fat, High Unsaturated Fat, VCL: No Fat. EGP = 
Endogenous Glucose Production (how much sugar is the body producing). Rd = Rate of disposal of glucose 
when the researchers are keeping infused insulin stable (this speaks to the insulin sensitivity of the body). GOX = 
Glucose oxidation (burning/using sugar for energy). NOXGD: Non-oxidative glucose disposal (disposing of sugar 
without burning/utilizing it for energy). [A&B] are in basal conditions, before the insulin clamp.

Primary Results
- Rate of glucose disposal per unit of insulin was lower in the PAL condition. 
- Endogenous Glucose Production per unit of insulin was increased with PAL.
- Overall rate of disposal was lower in both fat conditions, but more in the PAL condition. 
- Glucose oxidation was reduced in both fat conditions. 
- Non-oxidative glucose disposal was reduced in PAL compared to SAF. 
- Endogenous glucose production was less suppressed in the fat conditions, with greater suppression in the PAL 
condition.

Take Away: This data would suggest that insulin sensitivity is reduced with saturated fat in basal conditions, but 
the effect extends to unsaturated fat, as well, when insulin and glucose are added from the clamp. I would 
interpret this as a combination of glucose + fat reduces insulin sensitivity, with an additive effect of saturated fat.  

   Study 30 Page 8    



Figure 5
This data shows a series of muscle protein measures (intracellular molecules involved in insulin signaling) 
across the three phases of the study (detailed in Figure 1 - Pre-Basal, Basal, and Clamp). PAL: High 
Saturated Fat, Low Unsaturated Fat, SAF: Low Saturated Fat, High Unsaturated Fat, VCL: No Fat.

Primary Results
- Diacylglycerols (DAGs) are elevated with both fats. 
- Lipid droplets containing DAGs are elevated with both fats. 
- PKC isoform Epsilon is elevated only in the saturated fat condition. 
- PKC isoform Theta is elevated in both fat conditions. 
- IRS-1 levels are unchanged between the conditions. 
- Inhibitory phosphorylation of IRS-1 is increased with saturated fat and unsaturated fat.

Take Away: This data suggests increased diacylglycerol levels in both fat conditions, as well as increased 
levels in fat droplets in the muscle cells, with increased levels of PKC signaling in saturated fat (mainly), as 
well as inhibition of a key insulin signaling molecule (IRS) with saturated fat. The mechanisms are shown in 
the attached image (elevated DAG increases PKC activation, which inhibits IRS by phosphorylation). 
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Figure 6
This data shows a series of muscle protein measures (intracellular molecules involved in insulin signaling) 
across the three phases of the study (detailed in Figure 1 - Pre-Basal, Basal, and Clamp). PAL: High Saturated 
Fat, Low Unsaturated Fat, SAF: Low Saturated Fat, High Unsaturated Fat, VCL: No Fat.

Primary Results
- Ceramides in the membrane of the cell increased with the saturated fat condition. 
- PKC isoform Zeta increased only in the saturated fat condition.
- PP2A (protein phosphatase 2) was only elevated in the saturated fat condition. 
- Akt levels were unchanged across conditions. 
- Phosphorylation of Akt at Serine 473 (activating Akt) is reduced only in the saturated fat condition. 

Take Away: Ceramides are elevated in the muscle cells, which is linked to reduced insulin signaling - further 
evidenced by greater PKC and PP2A expression, as well as reduced phosphorylation of Akt. See the diagram 
below to see that PP2A inhibits the phosphorylation of Akt, and PKC Zeta inhibits Akt directly. Ceramides 
increase the activity of both proteins (PKC and PP2A). 
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