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BMI status influences the response of insulin sensitivity
to diacylglycerol oil in Chinese type 2 diabetic patients
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Duo Li php'
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Present study was a post-hoc analysis and aimed to examine the influence of adiposity status on the response of
insulin sensitivity to diacylglycerol (DAG) oil in type 2 diabetic patients. A total of 127 type 2 diabetic patients
were recruited into a randomized double-blind controlled parallel trial in Hangzhou, China. Subjects were allo-
cated to consume the same amount (25 mL/d) of DAG (n=66) or triacylglycerol (TAG) oil (n=61) with similar
fatty acid compositions for 120 days. Marginally significant interaction was observed between BMI status (over-
weight versus normal weight) and test oils for fasting insulin (p-interaction=0.046) and Homeostasis Model As-
sessment of Insulin Resistance (HOMA-IR) (p-interaction=0.059). For normal weight subjects (BMI<25), DAG
group showed significant decrease of fasting insulin (-2.0, 95% CI: -3.90, -0.10; p=0.036) and HOMA-IR (-0.69,
95% CI: -1.36, -0.03; p=0.015), but not in the TAG group. No significant change of either trait in DAG or TAG
group was observed for overweight subjects (BMI>25). In summary, the effect of DAG oil on insulin sensitivity
in type 2 diabetic patients is influenced by the baseline BMI status. Type 2 diabetic patients may benefit from
DAG oil in terms of insulin sensitivity improvement, however only when they are in normal body weight range.
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INTRODUCTION

Diacylglycerol (DAG) is a natural component in various
edible oils, such as soybean oil, corn oil, safflower oil and
olive oil." In the past decade, accumulating evidence from
randomized controlled trials®"! suggested that DAG was
beneficial for fasting and postprandial hyperlipidemia,
and excess adiposity. Several meta-analysis showed that
DAG, compared with triacylglycerol (TAG) oil, was effi-
cacious for reducing body weight'? and postprandial TAG
concentration,”® and improving fasting TAG concentra-
tion in diabetic patients with hypertriglyceridemia.'* Insu-
lin resistance is a marker of type 2 diabetes and risk factor
of cardiovascular disease. A randomized double-blind
controlled trial’ suggested that DAG oil consumption,
compared with TAG oil, decreased insulin resistance and
fasting insulin in type 2 diabetic patients. However, other
DAG trials showed rather inconsistent results with regard
to the improvement of insulin sensitivity.>*”*

Obesity is closely related with insulin resistance and
type 2 diabetes,'>'® and obese diabetic subjects showed
significantly different patterns of glucose metabolism
compared with non-obese diabetic subjects.'” Thus, the
response of insulin sensitivity to DAG oil may vary ac-
cording to different adiposity status, which might con-
tribute to the inconsistent association between DAG in-
take and insulin resistance. Therefore, we hypothesized
that baseline adiposity status could influence the response
of insulin sensitivity to DAG oil consumption. We have
published the original data of a prior randomized clinical

trial in Clinical Nutrition,” which mainly found that DAG

oil improved insulin sensitivity in type 2 diabetic patients.
The present study was a post-hoc analysis of the original
data. We aimed to re-evaluate if the original finding that
DAG oil improved insulin sensitivity was influenced by
adiposity of study subjects. We firstly grouped the type 2
diabetic patients based on different baseline BMI status,
and examined their response to DAG oil consumption,
compared with TAG oil. Furthermore, we examined the
interaction of the BMI status with test oils (DAG vs. TAG)
for the change of insulin sensitivity in these patients.

MATERIAL AND METHODS

Subjects and study design

The present study is based on a post-hoc analysis of a
randomized double-blind controlled parallel trial. The
inclusion and exclusion criteria of the diabetic patients
have been described for this trial.” A total of 127 type 2
diabetic patients (40-65 y) were included in the interven-
tion, and were randomized into DAG (n=66) and TAG
(n=61) group, matched by gender and age. These subjects
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were firstly placed into the same oil (TAG) for 14 days as
a run-in period. Then, they were randomized into DAG or
TAG group (25 mL/d per subject) and consumed corre-
sponding oil for 120 days. To provide an accurate meas-
urement of the test oils, a 25 mL measure spoon was pro-
vided for all the subjects, and these oils were used to sub-
stitute part of their cooking oils. Subject compliance and
daily oil intake were measured by calculating the used oil
bottles (590 mL/bottle) they returned after the interven-
tion. All the recruited subjects were required to maintain
their usual dietary habit and physical activity during the
study period. All the subjects (except for eight subjects,
four in each group) were taking at least one type of the
following anti-diabetic medications: glipizide, acarbose,
insulin or protamine zinc insulin, and other medication
(such as metformin, gliquidon and repaglinide). The study
design was approved by the Ethics Committee of the Af-
filiated Second Hospital, Zhejiang University. All the

subjects gave informed consent forms before participating.

Characteristics of test oils

Both DAG and TAG oils were provided by Kao Corpora-
tion, Tokyo, Japan. The fatty acid compositions (percent-
age of total fatty acid) of the DAG were similar as that of
TAG 9. Briefly, 16:0, 18:0, 18:1, 18:2n-6, 18:3n-3, 20:0,
20:1 fatty acid composition (%) in DAG oil was 3.0, 1.1,
32.9, 53.6, 8.8, 0.2 and 0.1, respectively; while it was 4.0,
1.4, 30.6, 54.6, 8.8, 0.3 and 0.1 for TAG oil. 16:1 compo-
sition in DAG oil was lower than that in TAG oil (0.3 vs
4.2). The ratio of n-3: n-6 was identical (0.16) between
the two oils. The glyceride composition of DAG and
TAG oils were 2.3 and 0.3 for mono, 86.1 and 0.4 for
diglycerides, and 11.6 and 99.3 for triglycerides, respec-
tively.

Treatment of blood samples and biochemical analysis
Blood samples were collected at day 0, 60 and 120 after
an overnight fast when the subjects attended the Affiliat-
ed Second Hospital and Affiliated Sir Run Run Shaw
Hospital of Zhejiang University. Common anthropomet-
ric parameters, including weight, height, waist circumfer-
ence, and blood pressure were measured at each visit.
Overweight was defined as baseline BMI>25 kg/m®."®

Fasting biochemical parameters were measured with
commercial kits on an auto-biochemical analyzer (Olym-
pus AU 2700, Japan). Blood glucose was measured by
hexokinase method using commercial kits (Fenghui Med-
ical Sci& Tech Cooperation, China); Fasting insulin and
leptin were measured with commercial radioimmunoas-
say kits (Linco Research, Inc., St Louis, MO, USA). Ho-
meostasis Model Assessment of Insulin Resistance
(HOMA-IR) (calculated as: fasting insulin x fasting glu-
cose/22.5) was used to assess insulin resistance. The fatty
acid composition of test oils was determined by capillary
gas-liquid chromatography with an Agilent 60 mx0.25
mmx 0.25 um column.’

Statistical analysis

STATA software (version 12.0, StataCorp LP, College
Station, TX, USA) was used to perform the data analyses.
All biochemical and anthropometric variables were exam-

ined for normal distribution. HOMA-IR, insulin, glucose,
leptin were log transformed to achieve normality before
statistical analysis. As fasting insulin and leptin data was
only measured before (day 0) and after (day 120) the in-
tervention, our analyses were based on the two time
points. Student’s t test was used to examine the difference
of baseline biochemical and anthropometric parameters
between overweight and normal weight subjects. Paired t
test was used to examine the change of HOMA-IR or
related traits within each oil group. Linear regression
models were used to analyze the difference of the change
of HOMA-IR or related traits between the two oil groups,
adjusting for age, sex, study center and baseline value of
corresponding trait. An interaction term was added into
the linear regression model to examine the possible inter-
action between baseline adiposity status and test oils.
Baseline BMI was expressed as either a continuous varia-
ble or a categorical variable (overweight versus normal
weight) for the estimate of interaction. All the values
were expressed as mean+SD. Two tailed p-values<0.05
were considered as significant.

RESULTS

Among all the participants, 8 subjects did not complete
the study, 7 subjects consumed less than 7 mL/d of oil or
have suspect dietary records. Thus, 112 subjects were
included in our final analysis. In the DAG group, there
were 44 normal weight subjects and 16 overweight sub-
jects, and there were 32 normal weight subjects and 20
overweight subjects in the TAG group. Overweight sub-
jects had significantly higher baseline levels of LDL-
cholesterol, TAG, fasting insulin, HOMA-IR, leptin, sys-
tolic and diastolic blood pressure, and lower level of
HDL-cholesterol (Table 1).

In normal weight subjects, DAG oil significantly de-
creased fasting insulin (-2.0, 95% CI: -3.90, -0.10) and
HOMA-IR (-0.69, 95% CI: -1.36, -0.03) after the inter-
vention, while it was not changed for TAG oil (Table 2).
The changes in fasting insulin (p=0.003) and HOMA-IR
(p=0.0006) after the intervention were significantly differ-
ent between the DAG and TAG oil groups. In contrast,
among overweight subjects there was no significant dif-
ference for the change in fasting insulin and HOMA-IR
between DAG and TAG intervention observed. In addi-
tion, marginally significant interactions for the change in
fasting insulin (p-interaction=0.046) and HOMA-IR (p-
interaction=0.059) were detected between baseline BMI
status (as a categorical variable) and test oils. We further
assessed the interaction of BMI status as a continuous
variable with test oils for fasting insulin and HOMA-IR.
Consistently, significant and marginally significant inter-
actions were observed for fasting insulin (p-
interaction=0.026) and HOMA-IR (p-interaction=0.078),
respectively. With the increase of baseline BMI, the pre-
dicted beneficial decreases of fasting insulin (p-
trend=0.002) and HOMA-IR (p-trend=0.004) were signif-
icantly diminished in DAG group (Figure 1).

Body weight (p=0.038) and BMI (p=0.054) were sig-
nificantly decreased in DAG group compared with TAG
group only among overweight subjects, but not among
normal weight subjects (Table 2). To examine the influ-
ence of the change of BMI on the observed interaction
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and group difference, we added net change of BMI into
all the regression models. But no difference was observed
with and without the adjustment of net BMI changes (data
not shown). No significant difference or interaction be-
tween the two oil groups for other metabolic traits was
observed.

DISCUSSION

DAG oil is well known for its beneficial effect on adipos-
ity and postprandial hyperlipidemia,'*"® but its influence
on insulin sensitivity is rather inconsistent among differ-
ent populations. The present study revealed that baseline
BMI status influenced the response of insulin sensitivity
to DAG oil in Chinese type 2 diabetic patients. DAG oil
improved the insulin sensitivity only among normal
weight patients. The beneficial effect of DAG oil on insu-
lin sensitivity was attenuated or even abolished with the
increase of the patients’ baseline BMI.

The different structures and metabolic characteristics
between DAG and TAG oil determine their different ef-
fects on weight control, lipid and glucose metabolism.
DAG oil is mainly in the form of 1,3-DAG, its metabo-
lites by 1,3-lipase action are glycerol and free fatty acids;
while TAG oil is hydrolyzed to 2-monoacylglycerol and
free fatty acids in the small intestinal lumen. DAG oil
mainly involves glycerol-3-phosphate pathway for the
reconstruction of chylomicron TAG, which is less active
than the 2-monoacylglycerol pathway (mainly for the
metabolism of TAG oil). Animal studies'®?' suggested
that DAG oil intake activated pathways involved in the
fatty acid p-oxidation and suppressed the pathways for
fatty acid synthesis, thus affecting energy metabolism.
The results of present study were in line with human stud-
ies.”>” Hibi et al® reported that DAG oil consumption
for two weeks stimulated both fat oxidation and resting
metabolic rate, thereby contributing to the greater weight
loss and reduction of body fat compared with TAG oil
consumption. Consistently, greater weight loss was ob-
served in DAG group compared with TAG group in the
present randomized trial. Nevertheless, compared with
TAG group, the weight loss in DAG group was more evi-
dent in the overweight subjects than in normal weight

subjects. This may be because overweight subjects had
more excess body fat, and were more subject to the ther-
mogenic effects of DAG oil.

In addition to its effect on body weight, DAG oil con-
sumption improved insulin sensitivity in normal weight
diabetic patients in the present study. Previous interven-
tion studies*’ indicated that DAG oil improves glucose
metabolism in type 2 diabetic patients. Rodent mod-
els?®** also showed that DAG oil consumption im-
proves the glucose metabolism and prevents diet-induced
impaired glucose tolerance compared with TAG oil. The
mechanisms relating DAG oil to insulin sensitivity may
involve the reduction of body fat and weight loss, as obe-
sity is closely related with insulin resistance and type 2
diabetes.'>'® Nevertheless, the influence of DAG oil on
insulin sensitivity may not be solely attributed to its anti-
obesity effect, as suggested by the significant interaction
between BMI status and test oils in the present study.

Overweight diabetic patients did not benefit from DAG
oil in terms of insulin sensitivity improvement, although
significant weight loss was observed amongst these sub-
jects. Furthermore, the interaction did not change when
net BMI change was adjusted in the statistical models.
This indicated that the influence of DAG oil on insulin
sensitivity may be partly independent of the change of
BMI during the intervention. These results are in agree-
ment with the previous trial,* which found that DAG oil,
compared with TAG oil, decreased glycohemoglobin Alc,
a marker of long-term blood glucose status. But no signif-
icant change of BMI was observed.

Overweight subjects usually have more severe insulin
resistance and impaired glucose metabolism, as observed
in this study, thus their glucose metabolism may differ
considerably from that of the normal weight subjects.
Chung et al,'” reported that when obesity is present in
type 2 diabetic patients, the insulin-stimulated glucose
uptake was lowered by 35%-40%, together with de-
creased intracellular substrate availability, lower oxida-
tive rate and non-oxidative glucose metabolism. There
fore, the significantly abnormal glucose metabolism in
overweight diabetic patients may abolish the beneficial
effects of DAG oil on insulin sensitivity. Reduction of

Table 1. Baseline characteristics of the included type 2 diabetic patients according to their BMI status’

Normal weight (n=76) Overweight (n=36) p-value
Male (%) 31 (40.8%) 16 (44.4%) 0.714
Age, y 53.0+6.0 53.4+7.3 0.758
Body weight, kg 57.8+8.6 74.6£8.7 <0.001
Height, cm 163+7.6 166+8.2 0.094
BMI, kg/m2 21.7+1.9 27.2+1.4 <0.001
Waist circumference, cm 78.7£7.5 91.8+6.5 <0.001
SBP, mmHg 126+13.8 134+14.1 0.007
DBP, mmHg 77.1+£9.9 82.4+1.6 0.009
Total Cholesterol, mmol/L 4.66+0.82 4.96+1.03 0.090
HDL-Cholesterol, mmol/L 1.39+0.39 1.16+0.32 0.003
LDL-Cholesterol, mmol/L 2.2+0.54 2.49+0.70 0.017
Triacylglycerol, mmol/L 1.29+0.84 1.84+0.99 <0.001
Glucose, mmol/L 7.48+2.40 7.79+£2.00 0.340
Insulin, mU/L 12.94£9.5 19.94+23.8 0.009
HOMA-IR 4.46+4.14 7.48+10.5 0.009
Leptin, pg/L 6.97+4.88 9.45+6.68 0.038

*Values are mean=SD, or n (%). SBP: systolic blood pressure; DBP: diastolic blood pressure; HOMA-IR: Homeostasis Model Assessment

of Insulin Resistance.
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Table 2. Effect of DAG oil consumption on body weight, insulin resistance and related traits in type 2 diabetic patients with different baseline BMI status’

DAG oil TAG oil p-value within group”
fore After Before After p-value *
. Be . . . Change 95% CI . . . . Change 95% CI DAG TAG between groups
intervention  1ntervention intervention  1ntervention
Normal weight subjects (n=44 for DAG group; n=32 for TAG group)
Body weight, kg 57.1£7.48 55.9+7.11 -1.22 (-1.76, -0.68) 58.7£9.99 58.0+£9.44 -0.77 (-1.43,-0.11) <0.001 0.025 0.139
Waist circumference, cm  79.7+£7.15 78.5+£6.88 -1.20 (-1.93, -0.47) 77.3+£7.86 77.1£7.34 -0.18 (-0.87, 0.52) 0.002 0.607 0.085
BMI, kg/m’ 21.7+1.60 21.241.55 -0.46 (-0.66, -0.26) 21.742.29 21.4+2.15 -0.27 (-0.51, -0.02) <0.001 0.033 0.179
Glucose, mmol/L 7.4842.47 7.08+£2.28 -0.40 (-0.78, -0.02) 7.48+2.35 7.46+2.81 -0.02 (-0.63, 0.59) 0.066 0.621 0.422
Insulin, mU/L 11.8+£6.74 9.82+3.44 -2.00 (-3.90, -0.10) 14.4+12.2 18.0£22.7 3.60 (-2.26, 9.45) 0.036 0.107 0.003
HOMA-IR 3.82+£2.07 3.11£1.45 -0.69 (-1.36, -0.03) 5.2945.78 7.32£14.7 2.03 (-2.33,6.39) 0.015 0.264 0.006
Leptin, pg/L 7.93+5.60 6.64+3.79 -1.29 (-2.62, 0.05) 5.65£3.32 6.31+4.93 0.66 (-0.85,2.17) 0.190 0.890 0.994
Overweight subjects (n=16 for DAG group; n=20 for TAG group)
Body weight, kg 73.3£8.62 72.0+£9.47 -1.31 (-2.28,-0.34) 75.7+£8.82 75.5£8.97 -0.18 (-0.85, 0.50) 0.012 0.594 0.038
Waist circumference, cm  91.4+6.24 90.3+£6.32 -1.11 (-2.33,0.11) 92.1£6.77 92.24+6.69 0.08 (-0.99, 1.15) 0.072 0.877 0.110
BMI, kg/m’ 27.2+1.45 26.7+1.92 -0.50 (-0.87,-0.13) 27.2+1.46 27.1+1.42 -0.07 (-0.32, 0.18) 0.011 0.551 0.054
Glucose, mmol/L 7.20£2.29 7.13£2.04 -0.07 (-0.77, 0.64) 8.27+1.64 8.2442.25 -0.03 (-0.69, 0.62) 0.988 0.597 0.974
Insulin, mU/L 19.1£24.07  24.0+26.51 5.64 (-0.47,11.7) 20.5+£24.2 23.6+20.1 3.08 (-6.45, 12.6) 0.110 0.191 0.522
HOMA-IR 6.63£9.69 7.78+£9.36 1.41 (-0.46, 3.28) 8.11£11.3 9.78+10.9 1.67 (-2.92, 6.26) 0.130 0.289 0.526
Leptin, pg/L 10.2+6.73 11.9+£8.31 0.87 (-4.41, 6.15) 8.86+6.76 11.9+10.4 3.05 (0.21, 5.89) 0.699 0.013 0.675

*Values are mean+SD, or n (%). DAG: diacylglycerol; TAG: triacylglycerol; HOMA-IR: homeostasis model assessment of insulin resistance.

*p-values were adjusted for age, sex, study center and baseline value of corresponding trait.
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Figure 1. Changes of fasting insulin and HOMA-IR after DAG oil consumption in type 2 diabetic patients with different baseline BMI
status. Significant differences for the change of fasting insulin (p=0.003) and HOMA-IR (p=0.006) between DAG and TAG oil groups
were observed in normal weight subjects, but not in overweight subjects. Marginally significant interactions between baseline BMI status
(as a categorical variable) and test oils were observed for both fasting insulin (p-interaction=0.046) and HOMA-IR (p-
interaction=0.059), after adjusting for age, sex, study center and baseline value of corresponding trait. Data are expressed as mean+SE.
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Figure 2. Predicted changes of fasting insulin and HOMA-IR after DAG oil consumption by baseline BMI levels. Significant and
marginally significant interactions between baseline BMI and test oils were found for the changes of both fasting insulin and HOMA-IR,
respectively. With the increase of baseline BMI, the beneficial decreases of fasting insulin and HOMA-IR diminished significantly in
DAG oil group. The predicted changes of fasting insulin and HOMA-IR were calculated with linear regression models, after adjusting for
age, sex, study center and baseline value of corresponding trait.
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body fat could not reverse the impact of the severely im-
paired glucose metabolism, which already existed in these
overweight diabetic patients. The observed interaction
between BMI status and test oils may explain the incon-
sistent data in previous intervention studies*’’ with re-
gard to the effect of DAG on insulin sensitivity and glu-
cose metabolism in type 2 diabetic patients.

Type 2 diabetes continues to be one of the most com-
mon chronic diseases worldwide, causing substantial eco-
nomic burdens for society and individuals.”’ Dietary ap-
proaches are considered to be an effective and sustainable
way for the prevention and control of type 2 diabetes.*
DAG oil has sparked great interest among researcher for
its health effects, including the improvement of lipid and

glucose metabolism, as well as the control of body weight.

However, the beneficial effects of DAG oil on insulin
sensitivity and glucose metabolism in type 2 diabetic pa-
tients are less well-studied. The present study for the first
time revealed that the effect of DAG oil on insulin sensi-
tivity was dependent on the baseline adiposity status of
the type 2 diabetic patients. This suggests that reduction
of body weight should be considered as a priority, rather
than targeting insulin sensitivity directly when we intend
to treat overweight or obese type 2 diabetic patients. In
this respect, DAG remains a good food resource for these
patients, given its protective role in weight control. Our
study indicated that DAG oil is beneficial for normal
weight diabetic patients in terms of improved insulin sen-
sitivity, and for overweight diabetic patients in terms of
reduction of body weight.

The main limitation of the present study includes its
moderate sample size and post-hoc nature of the analysis.
In addition, the interaction of BMI with DAG oil on insu-
lin sensitivity is firstly detected in this study and still
lacks of replication in other studies. Larger randomized
controlled trials are warranted for the replication of the
present findings. Furthermore, the precise mechanism for
the effect of DAG oil on insulin sensitivity, independent
of anti-obesity effect, is still unclear and needs further
investigation.

In conclusion, the present study indicated that baseline
BMI status influenced the response of insulin sensitivity
to DAG oil consumption in Chinese type 2 diabetic pa-
tients. With the increase of baseline BMI, the beneficial
effect of DAG oil on insulin sensitivity was diminished,
and no effect was observed among the overweight pa-
tients. Replication is warranted in larger trials.
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