University of Groningen

Coping style predicts the (in)sensitivity for developing hyperinsulinemia on a high fat diet in
rats
Boersma, Gretha J.; Benthem, Lambertus; van Dijk, Gertjan; Steimer, Thierry J.; Scheurink,
Anton J. W.
Published in:
Physiology & Behavior
DOI:
10.1016/j.physbeh.2010.04.007
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2010
Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Boersma, G. J., Benthem, L., van Dijk, G., Steimer, T. J., & Scheurink, A. J. W. (2010). Coping style
predicts the (in)sensitivity for developing hyperinsulinemia on a high fat diet in rats. Physiology & Behavior,
100(4), 401-407. https://doi.org/10.1016/j.physbeh.2010.04.007

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 26-11-2020

Physiology & Behavior 100 (2010) 401–407

Contents lists available at ScienceDirect

Physiology & Behavior
j o u r n a l h o m e p a g e : w w w. e l s e v i e r. c o m / l o c a t e / p h b

Coping style predicts the (in)sensitivity for developing hyperinsulinemia on a high
fat diet in rats
Gretha J. Boersma a,⁎, Lambertus Benthem b, Gertjan van Dijk a, Thierry J. Steimer c, Anton J.W. Scheurink a
a
b
c

Department of Neuroendocrinology, University of Groningen, The Netherlands
Bioscience Diabetes / Obesity, AstraZeneca R&D, Mölndal Sweden
Clinical Psychopharmacology Unit, HUG, University of Geneva, Switzerland

a r t i c l e

i n f o

Article history:
Received 2 February 2010
Received in revised form 30 March 2010
Accepted 2 April 2010
Keywords:
Insulin
Glucose
Personality
Visceral obesity

a b s t r a c t
The aim of this study was to explore interactions between coping style and diet as risk factors for developing
insulin resistance in rats. We hypothesized that rats characterized by a passive coping strategy are more
susceptible for developing insulin resistance and visceral obesity than proactively coping rats, particularly
on a high (45%) fat diet. This hypothesis was tested by comparing 1) insulin and glucose responses to an
intravenous glucose tolerance test (IVGTT), and 2) body fat distribution, in two rat models for passive and
proactive coping styles. We found that the most extremely passive rats are characterized by elevated insulin
levels during a IVGTT, even on chow. Moderately passive rats display normal insulin responses under chow
conditions, but develop insulin resistance on a high fat diet. Proactive rats are remarkably resistant to insulin
resistance and visceral obesity, even when overfeeding on a high fat diet. Carcass analysis revealed that
passive rats are characterized by increased epididymal fat deposition, which is in line with the observed
differences in insulin resistance. We conclude that a passive personality is prone to develop insulin resistance
and visceral obesity on a palatable fat diet and a proactive personality might be protected against the
development of diet-induced insulin resistance.
© 2010 Elsevier Inc. All rights reserved.

1. Introduction
The incidence of insulin resistance and type 2 diabetes is rapidly
growing. Insulin resistance is characterized by a reduction in the
sensitivity of the insulin receptor or post-receptor signaling cascades,
which presents itself by increased insulin levels in normo- or
hyperglycemic individuals [1]. An energy-dense diet is one of the
risk factors for development of insulin resistance. Rats fed a high fat
(HF) diet usually weigh more than standard laboratory chow (highﬁbered carbohydrate-rich) fed rats. HF-feeding rats develop more
adipose tissue and acquire insulin resistance [2]. But ingestion of a HF
diet may also increase fat stores at the expense of fat-free mass and
leave body weight unaltered [3]. Increases in body fat, especially
viscerally stored fat, is associated with insulin resistance, and,
additionally, basal plasma insulin levels are directly correlated with
the degree of adiposity [4].
Not only the diet of an individual is involved in the development of
insulin resistance. Psychosocial factors have been implicated as well.
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Several studies have shown correlations between certain personality
traits of the individual and the incidence of insulin resistance [5,6].
Although some discrepancy exists in the literature, individuals with
the type B personality may have a higher risk for the development of
insulin resistance [7,8]. This seems to be in line with our recent data
that a rat strain selected for a so-called passive coping style (i.e., which
is homologous to the type B personality in humans) is characterized
by elevated insulin levels and increased adiposity [9].
In the present study we further explored the interactions between
coping style and diet as risk-factors for the development of insulin
resistance in rats. We hypothesize that 1) rats with a passive coping
style are prone to develop insulin resistance on a diet with a high
(saturated) fat content and 2) that animals with a proactive coping
style are resistant to develop diet-induced insulin resistance. To study
this, we selected passive and proactive individuals from two different
rat strains and subjected them either to standard laboratory chow or a
highly palatable high fat diet. In all animals, glucose tolerance and
insulin responses were assessed with an intravenous glucose tolerance
test, and fat storage patterns were measured. The data revealed that
passive coping rats are indeed susceptible for developing marked
hyperinsulinemia and visceral obesity (determined by epididymal fat
deposition) on a palatable fat diet and that the proactive rats are
protected against these derangements.

402

G.J. Boersma et al. / Physiology & Behavior 100 (2010) 401–407

2. Methods
The experiments were based on the following aims: 1) to replicate
our previous ﬁnding [9] that the extremely passive coping style in
the selected Roman Low Avoidance (RLA) rat strain is associated with
elevated baseline and IVGTT insulin levels, 2) to investigate whether
this is also true for passive individuals from a standard rat population
(Wild Type Groningen), 3) to study the interaction between personality
and diet on risk factors for Diabetes. The experimental groups are given
in Table 1, the different procedures are explained below.
2.1. Animals and housing
The studies were performed with male rats from two different
strains. Roman High and Low Avoidance rats (16 of each strain, 418 ±
8.5 gram at the onset of the experiments) were obtained from a
breeding colony at the Clinical Psychopharmacology Unit (APSI),
University of Geneva, Switzerland. The Roman High and Low
avoidance rats (RHA and RLA, respectively) were originally selected
by Bignami [10] for their performance in a two-way active avoidance
test, and a breeding colony of these rats is maintained at the University
of Geneva. RHA rats, are characterized by high levels of aggression,
rigid behavioral patterns and a proactive approach towards stressors.
The RLA rats, are characterized by low aggression levels, ﬂexible
behavioral patterns and a passive stress responses [10]. Wild type
Groningen rats (n = 20, 468 ± 11.8 gram at the onset of the experiments) were derived from the colony at the University of Groningen,
the Netherlands. This rat population is characterized by large intrastrain variation in coping behavior, and is originally derived from
the Agricultural University of Wageningen, the Netherlands and is
currently bred in Groningen under conventional conditions.
All animals were individually housed in standard cages
(24 × 24 × 36 cm) with a food hopper on the side. The rats were fed
either a high fat diet (Hope Farms, RMH-B knaagdier korrel, Arie Block
Diervoeding, Woerden, NL; 4.8 kcal/g, 45% fat), or a standard lab chow
diet (Hope Farms, RMH-B knaagdier korrel, Arie Block Diervoeding,
Woerden, NL; 3.7 kcal/g, 14% fat). Food and water was available ad
libitum. The room was controlled for temperature and humidity
(T = 20 °C, humidity 60%) and kept on a 12/12 hours light/dark cycle
(Lights on = (CT0), lights off = CT12) All experiments were approved
by the local animal care committee (Dier Experimenten Commissie,
Groningen, the Netherlands).
2.2. Surgery
All animals were equipped with two indwelling jugular vein
catheters to allow stress free glucose infusion and frequent blood
sampling during the intravenous glucose tolerance test (IVGTT).
During surgery, the rats were sedated using an isoﬂurane–O2/N2O gas
anesthesia. The jugular vein catheters were placed according to the
methods described by Steffens [11]. The animals were given 0.1 ml

Table 1
Experimental groups. RLA = Roman Low Avoidance rat, RHA = Roman High Avoidance
rat, WTGp = passive Wild Type Groningen rat, WTGa = proactive Wild Type Groningen
rat.
Strain

n

Diet

IVGTT

RLA
RHA
WTG
WTG
WTG
WTG
RLA
RHA

8
8
8
8
8
8
8
8

Chow
Chow
Chow
Chow
High fat
High fat
High fat
High fat

10 mg/ml and 15 mg/ml
10 mg/ml and 15 mg/ml
10 mg/ml
10 mg/ml
10 mg/ml
10 mg/ml
15 mg/ml
15 mg/ml

p
a
p
p

Finadine s.c. for analgesia and 0.25 ml penicillin subcutaneously to
prevent infection. After surgery the animals were given at least 7 days
to recover. Rats were accustomed to the infusion and the blood sample
procedure before the actual onset of the experiments [12].
2.3. Defensive bury test
Two weeks after surgery, the coping style or personality of each
animal was assessed with the defensive bury test (ﬁrst described by
Pinel and Treit [13]). In short, the animals were housed in special
defensive burying cages (standard rat cages of 24 × 24 × 36 cm with a
hole of approximately 1 cm diameter). After a habituation period of at
least a week the animals were tested. The rats were tested in the middle
of the light phase. The electric prod was inserted through the hole in the
cage and when the rats touched the prod they received a mild shock
(20 mA). After the shock, the behavior of the rat was monitored for
10 minutes (Eline software program). The following behaviors were
scored: immobility, exploration of the prod, exploration of the cage and
burying of the prod. The percentage time spent burying the prod was the
main criterion for the coping style: animals burying 10 or less percent of
the time were characterized as passive (WTGp), rats burying 20 or more
percent of the time were characterized as proactive, (WTGa) and rats
that were between the cut-off criteria (10–20% burying) were excluded
from the study (n = 4).
2.4. Experiments
The experimental groups are described in Table 1. The animals
were fed either chow or the palatable high fat diet for three weeks.
The start of the diet was designated day 0. Body weight and food
intake was measured daily around CT 4. At day 24–26 an intravenous
glucose tolerance test (IVGTT) was performed and blood samples
were taken for measurement of blood glucose and plasma insulin
levels. An IVGTT consisted of either a 20 min intravenous infusion of
10 mg glucose in 0.1 ml saline per minute (total 200 mg glucose in
2 ml saline) or a 30 min infusion of 15 mg in 0.1 ml saline per minute
(total 450 mg in 3 ml, a relatively high dose of glucose that still
remained within the physiological range, [14]).
The protocol for the IVGTT was the following. On the experimental
day the rats were denied access to their food from the beginning of the
light phase until the end of the IVGTT; food was removed at CT0. The
experiments were performed in the middle of the light phase,
between CT4 and CT6. During IVGTT1 the rats were infused with
10 mg/min glucose over a 20 minutes period. Before the onset of the
infusion, two baseline samples were taken at time points t = − 11 and
−1 min. After the start of the infusion at t = 0 min, blood samples
were taken at time points t = 5, 10, 15, 20, 25, 30, and 40 min. During
IVGTT2 the rats were infused with 15 mg/min glucose over a 30 min
period. Again, two baseline samples were taken at time points t =
−11 and −1 min. After the start of the infusion (t = 0 min) samples
were taken at time points t = 5, 10, 15, 20, 25, 30, 35, 40, and 50 min.
Blood samples were kept on ice and stored in ﬁles with EDTA
(0.09 g/ml). For glucose determination 50 µl of full blood with 450 µl
Heparin solution (2%) was stored at − 20 °C until analysis. Blood
glucose levels were determined using the ferry-cyanide method
(Hoffman, 1937 [15]) in a Techinicon auto analyzer. The remaining
blood was centrifuged for 15 min and plasma was stored further
analysis. Plasma levels of insulin were measured using commercial
radioimmunoassay (RIA) kits (Linco Research).
2.5. Post mortem analysis
One week after the last IVGTT the rats were sacriﬁced by
decapitation under a light CO2 anesthesia (day 31–33). After decapitation trunk blood was captured for analysis and all organs were taken out.
Epididymal fat pads, retroperitoneal fat pads, and the liver were
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weighed. Hereafter skin and subcutaneous fat pads were removed from
the carcass and were weighed, dried at 80 °C for 5 days, and weighed
again. Then the dry tissue was wrapped in paper bags, and the fat
content was determined by extracting the fat from the tissue using a
petroleum based Soxlet fat extractor. After fat extraction the paper bags
were dried for 5 days and then weighed. The ratio dry weight before/
after fat extraction gives an indication of the fat content. Plasma levels of
leptin were measured in trunk blood using commercial radioimmunoassay (RIA) kits (Linco Research). Intra- and inter-assay coefﬁcients of
variation of reference plasma analyzed in duplicate for the leptin, insulin
and corticosteron assays ranged between 6.5–11.3% and 10.3–16.8%,
respectively.
2.6. Data analysis
All data are displayed as an average of the strain with the standard
error of the mean. One animal was omitted from the IVGTT based data,
because of technical problems during the glucose infusion. Differences
in food intake, body weight, water intake and the defensive bury test
between the two strains were determined for each diet using a
multivariate ANOVA with the diet and the strain as between subjects
factors. With this test an interaction effect of diet and strain could also
be determined. Differences between the strains and the diets in the
insulin and glucose response before, during and after a glucose
infusion were tested with a repeated measures ANOVA with strain
and diet as between subjects factors. The area under the curves of the
both glucose and insulin responses were calculated and reported as
the average area under the curve (AUC) with the standard error of the
mean. The difference between the strains was determined using a
one-way ANOVA. Strain differences in blood and plasma parameters
(glucose, leptin, Insulin) were statistically tested using a one-way
ANOVA. Diet-strain interactions were further assessed using Tukey
post-hoc analysis. A linear backward regression analysis was
performed to analyze the relative contribution of the several
measured parameters on the insulin response. In this analysis the
area under the insulin curve was used as the dependent factor. Coping
style, diet, plasma leptin level, body weight, total fat mass, total fat
free mass, retroperitoneal fat mass, subcutaneous fat mass and
epididymal fat mass were used as the independent factors. In all
statistical tests a conﬁdence interval of 5% was used.
3. Results
3.1. Defensive bury test
Fig. 1 shows the burying behavior of the rats in the defensive bury
test during the ﬁrst 10 minutes after receiving a shock. Proactive
coping rats, both RHA and WTGa, spent signiﬁcantly more time
burying the prod (F(3,27) = 50.276, p b 0.01) and were less immobile
(F(3,27) = 47.266, p b 0.01) than their passive coping counterparts.
Proactive RHA rats spent also more time burying than proactive WTG
rats (p b 0.05). On chow, the passive RLA rats tended to bury less than
passive WTG rats, this tendency did however not reach statistical
signiﬁcance (p = 0.085). There were no signiﬁcant differences in the
time spent on other behaviors than burying and immobility. The diet
of the rats did not an effect on the amount of time spent burying,
immobility or on any other behaviors between experimental groups.
3.2. Body weight and food intake at baseline
Table 2 summarizes the body weight and food intake data. On chow
there were no differences between the groups. Both body weight gain
and food intake were signiﬁcantly higher on medium fat diet than on
chow (F(3,27) = 17.246 p b 0.05 and F3,27 = 91.375 p b 0.001, respectively). On the high fat diet there were also differences between
passive and pro-active personalities: average daily food intake of

Fig. 1. Percentage time spent on bury behavior in a defensive bury test by passive WTG
(WTGp), proactive WTG (WTGa), RLA and RHA rats fed either chow or medium fat
diet. Light grey bars represent WTGp rats, dark grey bars represent WTGa rats, white
bars represent RLA rats, and black bars represent RHA rats. * indicates a signiﬁcant
difference with all other experimental groups (p b 0.01) on the same diet.

passive personalities (RLA and WTGp) was signiﬁcantly higher than
that in pro-active rats (RHA and WTGa) (F(1,30) = 9.305 p b 0.01).
The differences in weight gain between the coping styles within
the RLA/RHA or WTGp/WTGa strains almost reached signiﬁcance
(p = 0.073 and p = 0.094 respectively).
3.3. IVGTTs
Fig. 2 depicts the glucose and insulin levels before, during and after
the IVGTT of all groups on chow (10 mg IVGTT). Glucose levels were
not different. The RLA rats displayed a signiﬁcantly higher insulin level
during the IVGTT. The area under the curve for insulin was
signiﬁcantly higher in the RLA rats when compared to those in all
other experimental groups (F(3,28) = 9368 p b 0.01) (Table 3).
Fig. 3 shows the plasma glucose and insulin responses of RLA and
RHA rats on both chow and high fat diet (15 mg IVGTT). Glucose
responses were not different. The area under the curve for insulin
responses was signiﬁcantly higher in the RLAs in comparison to the
RHAs, both on chow as well as on high fat (F(3,25) = 6.609, p b 0.01)
(Table 4). Insulin was also higher in the RLA rats on high fat diet
(p b 0.01) when compared with RLAs on chow. The areas under the
curve for insulin in the RHA rats on chow and high fat were
remarkably similar (Table 4).
Fig. 4 shows the curves for the glucose and insulin level during an
IVGTT of passive and proactive WTG rats on both chow and high fat
diet (10 mg IVGTT). Glucose responses were not different. The area
under the curve for insulin was signiﬁcantly higher in the passive

Table 2
Food intake and body weight data of WTG passive, WTG proactive, RLA and RHA rats.
Body weight was measured before the start of the diet intervention. Body weight gain is
expressed as % increase per day over a three week period, daily food intake is expressed
as average 24 h food intake over a three week period. * indicates a signiﬁcant difference
from chow fed rats. B indicates a signiﬁcant difference between passive and pro-active
individuals within the same strain.
RLA

RHA

Body weight gain on the diet (%)
Chow
2.59 ± 0.36
2.41 ± 0.31
High fat
4.44 ± 0.57*
4.44 ± 0.41*
Daily food intake (Kcal)
Chow
70.8 ± 4.3
High fat
118.8 ± 4.0*B

67.9 ± 3.4
109.1 ± 7.3*

WTG passive
2.80 ± 0.57
3.81 ± 0.67*

72.9 ± 2.8
116.3 ± 6.2*

WTG proactive
2.37 ± 0.58
3.81 ± 0.81*

74.7 ± 3.3
106.3 ± 4.7*
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the Wild type rats had a signiﬁcantly lower body fat % and a higher fat
free mass (F(1.53) = 5.278 p b 0.05).
Backward regression analysis showed that a model including the
coping style, diet, strain, and the epididymal fat mass best predicted
the magnitude of the insulin response during the IVGTT (F(4,73) =
5.234 p b 0.01). Further analysis of this interaction showed that the
correlation curve of the RLAs has a steeper slope as compared to
the curve of the RHAs. (RHA: R = 0.931 B = 406.83; RLA: R = 0.931
B = 031.23). Passive WTG rats fed the high fat diet display a signiﬁcant
correlation between the percentage epididymal fat and the insulin
response. The slope of this correlation curve is similar to the slope of
the correlation curve of the proactive roman rats (R = 0.598 B =
367.43). In the proactive WTG rats no statistical relevant correlation
between the insulin response and the amount of epididymal fat was
observed.
4. Discussion

Fig. 2. A: Glucose levels before, during and after a 20 minutes glucose infusion for
passive WTG (WTGp), proactive WTG (WTGa), RLA and RHA rats on chow. B: Insulin
levels before, during and after a 20 min glucose infusion for passive WTG (WTGp),
proactive WTG (WTGa), RLA and RHA rats on chow. Light grey triangles represent
passive WTG rats, dark grey triangles represent RHA rats, white circles represent RLA
rats, and black circles represent RHA rats. * indicates a signiﬁcant difference from WTG
passive, WTG proactive and RHA rats (p b 0.01).

WTG rats on the high fat diet when compared to the other WTG
groups (F(1,12) = 8.691, p b 0.05) (Table 3).
3.4. Carcass analysis
The data from the carcass analysis are summarized in Table 5. The
high fat diet signiﬁcantly increased all body fat measurements in all
groups (F(7,61) = 7.319 p b 0.001). The increased fat content was
accompanied by an increase in plasma leptin levels (F(1,56) = 5.554
p b 0.05). There were also differences in fat distribution between
passive and proactive rats: passive rats have more central visceral fat,
reﬂected by the higher ratio of epididymal and retroperitoneal fat in
the RLAs in comparison to the RHAs (F(3,33) = 8,203 p b 0.001).
Finally, we found differences between the Romans (originally bred
from a Wistar laboratory rat strain) and the Wild type Groningen rats:

Table 3
Area under the curve for the glucose response and insulin to a 20 minutes glucose
infusion for passive WTG (WTGp), proactive WTG (WTGa), RLA and RHA rats on either
a chow or a high fat diet chow.
RLA

RHA

WTG passive

WTG active

Plasma insulin (area under curve)
196.3 ± 17.5
Chow
289.5 ± 31.9a
High fat

213.5 ± 9.3
317.6 ± 38.3b,c

230.2 ± 16.8
234.6 ± 15.8

Blood glucose (area under curve)
Chow
297.5 ± 11.6
298.8 ± 4.9
High fat

298.3 ± 14.8
301.3 ± 10.4

298.5 ± 9.8
298.2 ± 14.6

a
Indicates a signiﬁcant difference between RLA rats and all other experimental
groups.
b
Indicates a signiﬁcant difference from chow fed rats.
c
Indicates a signiﬁcant difference between passive and pro-active individuals within
the same strain.

The present study investigated the interactions between coping
style and diet as risk factors for the development of the insulin
resistance syndrome. Analogous to ﬁndings in humans, we hypothesized that 1) rats with a passive coping strategy are prone to develop
insulin resistance, particularly on a diet with an elevated fat content,
2) that rats with a proactive coping style are resistant to develop dietinduced insulin resistance. The results of the present study are largely
supportive of these hypotheses.
The ﬁrst part of the study primarily focused on the inﬂuence of
personality on the insulin response to an IVGTT. We replicated our
previous ﬁnding that RLA rats from a strain selectively bred for a
passive coping style, were insulin resistant, even on a normal chow
diet [9]. The present study revealed that providing a high fat diet to
RLA rats led to a further increase in the plasma insulin response to an
IVGTT. Insulin resistance was less pronounced in passive WTG rats,
which are passively coping animals from an unselected rat strain
characterized by a high variation in behavior. These rats had normal
glucose tolerance and insulin responses on a chow diet, but increased
insulin levels on a medium fat diet. Therefore, we conclude that rats
characterized by a passive coping style indeed have an increased
susceptibility for developing insulin resistance and that this increased
susceptibility is primarily associated with differences in personality
rather than being the consequence of unspeciﬁc genetic selection or
drift associated with selective breeding.
The palatable high fat diet led to a signiﬁcant increase in food
intake, body weight, body adiposity and the ratio fat/fat free mass in
all groups, irrespective of coping style. To test our hypothesis that rats
with a proactive coping style might be resistant to the development of
diet-induced insulin resistance we infused a pharmacologically high
dose of glucose in both the RLA and RHA rats on both diets. The results
were clear. The insulin responses to an IVGTT remained unchanged in
the proactive rats, despite a signiﬁcant increase in food intake and
body weight on the high fat diet.
Taken together, we may conclude that passively coping rats are
prone to develop insulin resistance, especially in an environment rich
in dietary fat and that proactively coping rats are remarkably resistant
to diet-induced insulin resistance. The underlying mechanism is,
however, still unknown. Differences in the balance of the autonomic
nervous system may be an important factor involved. A proactive
coping style is strongly associated with high sympathetic and low
parasympathetic reactivity while passive coping individuals are
characterized by low sympathetic reactivity and high HPA-axis
reactivity reﬂected by high plasma corticosteron responses [16].
Since elevated sympathetic outﬂow directly leads to lowered insulin
release [17], one may conclude that the increased sympathetic
outﬂow may have prevented the elevation of plasma insulin levels
in the proactive individuals on the high fat diet. Indeed, we also found,
in a separate study, that RHA rats had an increased sympathetic
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Fig. 3. A: Glucose levels before, during and after a 30 min glucose infusion in Roman high and low avoidance rats fed a chow diet. B: Insulin levels before, during, and after a 30 min
glucose infusion in roman high and low avoidance rats fed a chow diet. C: Glucose levels before, during and after a 30 min glucose infusion in Roman high and low avoidance rats fed
a high fat diet. D: Insulin levels before, during, and after a 30 min glucose infusion in roman high and low avoidance rats fed a high fat diet. White circles represent RLA rats, black
circles represent RHA rats. * indicates a signiﬁcant difference between RLA and RHA rats (p b 0.01).

outﬂow expressed by signiﬁcantly higher plasma noradrenalin levels
than their RLA counterparts (178.1 ± 25.6 pg/ml in RHA versus 78.7 ±
11.9 pg/ml in RLA (F(1,13) = 13.146 p b 0.01). Similar data were
obtained in WTG rats [18], in which elevated noradrenalin outﬂow
was associated with increased sensitivity of presynaptic β2-adrenoceptors in proactive rats.
These differences in autonomic and hormonal outﬂow between
passive and proactive individuals may be secondary to differences in
the central nervous system, for example at the level of the serotonergic
and dopaminergic modulatory systems in the brain. When compared
to passive individuals, proactive rats are characterized by increased
serotonergic release and sensitivity [19], and enhanced dopaminergic
activity [20]. Elevated serotonergic and dopaminergic activity is, in
turn, (in)directly associated with increased sympathoadrenal outﬂow [21–24]. Data on the actions and alterations of these systems in
proactive versus passive individuals are scarce. It is, however, likely
that many other systems (particularly hypothalamic neuropeptides
such as NPY and the melanocortins) might be involved as well.
There were remarkable differences in fat storage in rats of the
different coping styles. When only considering the weight of epididymal

Table 4
Area under the curve for the glucose response and insulin to a 30 min glucose infusion
RLA and RHA rats on either a chow or a high fat diet chow.
RLA

RHA

Plasma insulin (area under curve)
Chow
409.3 ± 36.8a
High fat
501.1 ± 50.3a,b

304.9 ± 24.4
300.2 ± 45.2

Blood glucose (area under curve)
Chow
313.6 ± 11.6
High fat
330.5 ± 14.7

312.3 ± 16.5
344.7 ± 41.1

a
b

Indicates a signiﬁcant difference between RLA and RHA rats.
Indicates a signiﬁcant difference from chow fed rats.

fat pads, it appeared that the passively coping RLA rats, and to a some
extent also the WTGp rats, increased their epididymal fat depots when
subjected to a high fat diet. This was not the case in the proactive
animals. In rodents, epididymal fat deposition has been suggested to
be a better predictor for the metabolic syndrome than retroperitoneal,
the latter is believed to represent total body fat. Indeed, backward
regression analysis in the present study showed that a model including
epididymal fat mass, rat strain, diet and coping style best predicted the
response to the IVGTT. The insulin response correlated strongly with the
epididymal fat content in all rats of the Roman rat strain. The correlation
curve of the passive RLAs was skewed towards the left and had a steeper
incline as compared to the curve of the proactive RHAs, indicating a
strong coping style effect. WTG passive rats fed the high fat diet
displayed a similar correlation as observed in the Roman rats strains,
whereas in the high fat diet fed WTG proactive rats no signiﬁcant
correlation between the insulin response and the amount of epididymal
fat was observed, which suggest that a diet-coping style interaction is
important in the WTG rats. Overall, we conclude that the risk factors
coping style, diet, and body fat distribution interact to inﬂuence glucose
homeostasis and insulin sensitivity. An effect that seems independent of
body weight or body weight gain.
In conclusion, we observed that passive coping rats were prone to
develop insulin resistance, especially in an environment rich in dietary
fat. Proactively coping rats were remarkably resistant to diet-induced
insulin resistance. Translating this to humans, one might conclude that
the passive, type B-like, personality is more susceptible for developing
insulin resistance on a palatable fat diet and that the proactive, type Alike, personality seems to be protected against the development of
diet-induced insulin resistance. Indeed, data from literature conﬁrm
that several of the physiological and behavioral characteristics
associated with a passive personality, like increased HPA-axis activity
[25,26] and increased anxiety traits [27,28], are risk factors for the
development of insulin resistance. Unfortunately, evidence in literature for an interaction between personality and the risk to develop
insulin resistance is less clear. In fact, the studies on risk factors for type

406

G.J. Boersma et al. / Physiology & Behavior 100 (2010) 401–407

Fig. 4. A: Glucose levels before, during and after a 20 min glucose infusion in passive and proactive WTG rats fed a chow diet. B: Insulin levels before, during, and after a 20 minutes
glucose infusion in passive and proactive WTG rats fed a chow diet. C: Glucose levels before, during and after a 20 min glucose infusion in passive and proactive WTG rats fed a high
fat diet. D: Insulin levels before, during, and after a 20 min glucose infusion in passive and proactive WTG rats fed a high fat diet. Light grey triangles represent passive WTG rats, dark
grey triangles represent RHA rats. * indicates a signiﬁcant difference between WTG passive and proactive WTG rats (p b 0.01).

2 Diabetes using questionnaires to assess personality are conﬂicting
[5,29–31], but one may argue that particularly questionnaire-based
studies are less suited for a physiological characterization of patients at
risk. However, this paper may be viewed as a useful starting point to
Table 5
Carcass analysis of RLA, RHA, WTG passive and WTG proactive rats fed standard lab
chow or medium fat diet. Fat pads are expressed as grams dry weight. Fat mass and fat
free mass are percentage as a percentage of the total carcass weight. Plasma leptin
levels were measured in trunk blood.
RLA

RHA

WTG passive

WTG proactive

Epididymal fat (g)
Chow
4.94 ± 0.32
High fat
6.47 ± 0.62ab

4.53 ± 0.54
5.02 ± 0.26a

5.20 ± 0.55
6.80 ± 1.06a

5.45 ± 1.26
6.04 ± 0.62a

Retroperitoneal fat (g)
Chow
7.77 ± 0.54b
High fat
11.89 ± 0.64a

9.71 ± 0.89
10.61 ± 1.02a

7.58 ± 1.33
11.75 ± 1.57a

10.58 ± 1.86
13.75 ± 2.14a

Subcutaneous fat (g)
Chow
36.92 ± 1.95
High fat
43.39 ± 1.44a

37.66 ± 0.87
40.46 ± 1.03a

31.33 ± 5.33
35.64 ± 3.94a

32.24 ± 2.41
33.56 ± 2.87

Fat mass (%)
Chow
13.95 ± 0.55
High fat
16.48 ± 0.62a

15.03 ± 0.54
16.54 ± 0.67a

10.97 ± 0.51c
13.00 ± 0.51ac

10.76 ± 0.42c
12.70 ± 0.42ac

Fat free mass (%)
Chow
86.05 ± 2.92
High fat
83.52 ± 3.83

84.97 ± 3.36
83.46 ± 3.66

89.03 ± 5.30c
87.00 ± 5.46c

89.24 ± 5.39c
87.30 ± 5.68c

3.89 ± 0.69
5.42 ± 1.20a

4.05 ± 0.72
5.62 ± 1.45a

Plasma leptin (ng/ml)
Chow
4.46 ± 0.65
High fat
5.46 ± 1.04a
a

3.19 ± 0.76
3.64 ± 0.26a

Indicates a signiﬁcant difference from chow fed rats of the same strain.
Indicates a signiﬁcant difference between passive and pro-active individuals within
the same strain.
c
Indicates a signiﬁcant difference between the Roman and the WTG strain for either
passive or pro-active individuals.
b

investigate interactions between personality and metabolic diseases in
humans.
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