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Abstract
Background:

Obesity and the metabolic syndrome are increasingly prevalent in society and their complications and response to treatment exhibit
sexual dimorphism.  Mouse models of high fat diet-induced obesity are commonly used for both mechanistic and therapeutic studies of
metabolic disease and diabetes. However, the inclusion of female mammals in obesity research has not been a common practice, and has
resulted in a paucity of data regarding the effect of sex on metabolic parameters and its applicability to humans. 

Methods:

Here we analyzed male and female C57BL/6J mice beginning at 4 weeks of age that were placed on a low-fat diet (LFD, 10% calories
from fat), a Western Diet (WD, 45% calories from fat), or a high fat diet (HFD, 60% calories from fat). Assessments of body composition,
glucose homeostasis, insulin production, and energy metabolism, as well as histological analyses of pancreata were performed.

Results:

Both male and female C57BL/6J mice had similar increases in total percent body weight gain with both WD and HFD compared to LFD,
however, male mice gained weight earlier upon HFD or WD feeding compared to female mice.  Male mice exhibited a decrease in both
food consumption and activity with either WD or HFD compared to LFD, whereas female mice did not exhibit any differences in food
intake and minimal changes in locomotor activity on any diet.  Glucose tolerance tests performed at 4, 12 and 20 weeks of dietary
intervention revealed impaired glucose tolerance that was worse in male mice compared to females. Furthermore, male mice exhibited an
increase in pancreatic β cell area as well as reduced insulin sensitivity after HFD feeding compared to WD or LFD, whereas female mice
did not.

Conclusions:

Male and female C57BL/6J mice exhibited strikingly different responses in weight, food consumption, locomotor activity, and β cell
adaptation upon dietary manipulation, with the latter exhibiting less striking phenotypic changes. We conclude that the nature of these
responses emphasizes the need to contextualize studies of obesity pathophysiology and treatment with respect to sex.

Background
Metabolic syndrome is a cluster of medical conditions that include the presence of abdominal obesity, elevated blood pressure,
hyperglycemia, and dyslipidemia (1). Obesity and metabolic syndrome are becoming increasingly prevalent worldwide, and can lead to
numerous complications including, but not limited to cardiovascular disease, stroke, and type 2 diabetes (T2D). The causes of obesity and
metabolic syndrome arise from a combination of both environmental factors and genetic factors. The most signi�cant environmental
factor that contributes to obesity and the subsequent development of metabolic syndrome is an increase in dietary fat intake, usually
coupled with decreased physical activity. Indeed, metabolic syndrome has been called the “civilization syndrome” given its manifestations
are associated with the urbanized Western lifestyle (2).

Diets rich in fat induce obesity in humans and in mice (3). Thus, while several animal models of obesity and metabolic syndrome exist
(4–6), one of the most commonly used murine models involves the use of diets high in fat (30-78% of total energy intake from fat) to
induce obesity and its related comorbidities (7–9). Diet induced obesity (DIO) models are highly valuable models, as they can be used to
study adipose tissue development and insulin resistance in genetically manipulated mice or alongside therapeutic drugs. Whereas
different types of high fat diets are used in the metabolic literature, the two most commonly used include a 42-45% calorie from fat
referred to as the “Western Diet (WD)”, and the “High Fat Diet (HFD),” which is comprised of 60% calories from fat. However, direct
metabolic comparisons between the WD and HFD in males and female mouse models of obesity are lacking.

Mouse strain differences affect the response to diet manipulation (10). The C57BL/6J strain is perhaps the most common inbred strain
used in metabolic experiments, owing to its high susceptibility to DIO and insulin resistance (11,12). The C57BL/6J strain is viewed as a
good model to mimic metabolic syndrome in humans because mice of this strain develop obesity, hyperinsulinemia, hyperglycemia and
hypertension when allowed ad libitum access to a diet with high fat content (13). Importantly, whereas sexual dimorphism is known to
exist in mouse models of obesity (14,15), few studies have directly examined the metabolic effects of DIO in female mice. Several
epidemiological studies in humans have shown sex differences in obesity, cardiometabolic risk factors, response to medications, and
development of diabetic complications (16–18). Whereas it has been widely reported that cardiovascular risk is higher in men, in the
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setting of diabetes this sex difference completely reverses with a 44% higher relative risk of coronary heart disease in women (19). Thus,
increased understanding of the biological basis of sexual dimorphisms in metabolic disease is imperative. 

In this study, we examined the metabolic differences in both male and female C57BL/6J mice fed commonly used diets in DIO studies.
We show that males and females fed a WD and a HFD exhibit signi�cant differences in weight gain, glucose tolerance, and insulin
resistance over a 22-week course of feeding in comparison to a control low fat diet (LFD, 10% calories from fat). Furthermore, we also
show that major sex differences exist among caloric intake, physical activity, respiratory exchange ratio, and pancreatic morphology
between male and female mice. Overall, our data suggest that for studies using DIO models, the choice of diet and the inclusion of both
sexes are crucial parameters for the potential applicability to human disease.

Methods
Animals

Male and female C57BL/6J mice were purchased from Jackson Laboratories. Mice were maintained at the Indiana University vivarium
according to protocols approved by the Institutional Animal Care and Use Committee. At 4 weeks of age, animals were fed either a low-fat
diet containing 10% calories from fat (LFD; cat# D12450J, Research Diets, New Brunswick, NJ USA), a Western diet containing 45%
calories from fat (WD; cat# D12451, Research Diets, New Brunswick, NJ, USA), or a high fat diet containing 60% calories from fat (HFD;
cat# D12492, Research Diets, New Brunswick, NJ, USA). All mice were kept on a standard 12 h:12 h light-dark cycle with ad libitum access
to chow and water.

Metabolic Testing

Body composition was analyzed by quantitative magnetic resonance imaging using EchoMRI Body Composition Analyzer (EchoMRI, LLC,
Houston, Texas). Indirect calorimetry measures were performed using a TSE systems PhenoMaster Metabolism Research Platform
(Chester�eld, MO) equipped with calorimetry, feeding/drinking, and activity monitoring as described (20). Glucose tolerance tests (GTTs)
were performed following a 16 hour fast and intraperitoneal injection of 2 g/kg lean mass of D-glucose solution. Blood was sampled from
the tail vein at 0, 10, 20, 30, 60, 90, and 120 min, and glucose was measured using a glucometer (AlphaTRAK, Abbott Park, IL, USA). Insulin
tolerance tests (ITTs) were performed on 2 hour fasted mice following an intraperitoneal injection of 0.75 U/kg lean mass Humulin-R
insulin (Lilly, Indianapolis, IN, USA). Blood glucose was measured from tail vein blood at 0, 15, 30, 45, and 60 min.

Immunohistochemistry and immuno�uorescence

Mice were euthanized and serum/pancreata were harvested as previously described (21). Immunohistochemical analysis of insulin
(Santa Cruz Biotechnology) was performed as previously described (22). β-cell area was calculated by quantifying insulin positive area
and dividing by pancreas cell positive area using CV-H1X software (Keyence, Mechelen, Belgium).

Statistical analysis

All data are presented as the mean ±SEM. Two-tailed t tests were used to compare groups where two means were compared and one-way
ANOVA (with Tukey’s post-test) was used for comparisons involving more than two conditions. Prism 8 software (GraphPad) was used for
all statistical analyses. Differences were considered statistically signi�cant at p <0.05.

Results
Sexual dimorphism in the rate of weight gain upon dietary manipulation.

To assess sex differences in response to DIO, we challenged both male and female C57BL/6J mice with three different diets that are
commonly used in DIO studies for a total of 22 weeks: 1) 10% calories from fat (low fat diet, LFD), 2) 45% calories from fat (Western Diet,
WD), and 3) 60% calories from fat (high fat diet, HFD). The LFD was sucrose matched to the HFD and the primary source of fat was lard
for each diet (Table 1). To determine changes in body composition over time, mice were weighed weekly and body composition was
measured by quantitative magnetic resonance imaging at 4, 12 and 20 weeks of dietary intervention. As expected, both male and female
mice gained signi�cantly more body weight when fed a WD or HFD compared to LFD-fed mice. However, male mice gained signi�cantly
more body weight after only 2 weeks of HFD feeding compared to mice fed a LFD (21.98g ± 0.444 vs 19.04 ± 0.306 respectively,
p=0.0001), whereas male mice fed a WD showed a signi�cant increase in body weight after 6 weeks of WD feeding compared to mice fed
a LFD (27.59g ± 0.825 vs 24.24 ± 0.466, respectively, p=0.0033) (Fig 1A). Female mice, by contrast, did not show a signi�cant weight
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increase until 11 weeks of HFD feeding compared to LFD-fed mice (25.79g ± 1.175 vs 21.20 ± 0.346 respectively, p=0.0038), and 13
weeks of WD feeding compared to LFD fed mice (24.40g ± 0.829 vs 20.83 ± 0.375, respectively p=0.0017) (Fig 1C). Similar to other
published data (23), female mice did not gain as much weight as male mice early during feeding of either WD or HFD. However, at the end
of the 22-week challenge, both male and female mice gained the same proportion of weight (252% increase in total body weight in males
compared to 236% increase in females when fed a WD, p=0.899, n=6-8, and 267% increase in body weight in males compared to 228%
body weight increase in females fed a HFD, p=0.166, n=6-8 (Fig. 1 B, D). Fat mass was signi�cantly increased in male mice fed either WD
or HFD at 12 and 20 weeks of feeding (Fig 1E), while lean mass did not signi�cantly change in males until 20 weeks of HFD feeding
compared to LFD-fed controls and WD fed mice (Fig 1F). Female mice showed increased fat mass only at 20 weeks with either HFD and
WD feeding (Fig 1G), and exhibited signi�cantly more lean mass at 20 weeks on either a HFD or WD compared to LFD-fed mice (Fig 1H). 

Sexual dimorphism in food intake and activity upon dietary manipulation.

Next, mice were placed in metabolic cages after 8 and again after 16 weeks of diet to monitor food intake, activity levels, and respiratory
exchange. Measurements were obtained over a continuous 48 hour period at 8 and 16 weeks of diet. Dietary intervention with WD or HFD
in both male and female mice led to sexual dimorphism in the quantity of food consumed during light and dark cycles. In particular, male
mice fed either a WD or HFD had reduced food consumption during both light and dark cycles compared to LFD-fed controls at 8 weeks
(Fig 2A). In terms of locomotor activity, male mice exhibited reduced activity levels after 8 weeks of WD or HFD compared to LFD-fed
controls (Fig 2B, C). Female mice did not exhibit any differences in total grams of food consumption on either diet at 8 weeks (Fig 2D),
and they reduced their activity levels upon WD feeding during the light cycle at 8 weeks, but not during the dark (active) cycle with WD or
HFD feeding (Fig. 2E, F). At 16 weeks of dietary intervention, male mice on WD or HFD continued to eat signi�cantly less than LFD-fed
mice during the light cycle and signi�cantly less on the HFD during the dark cycle (Fig 2G). At 16 weeks of DIO, locomotor activity levels in
male mice was also reduced during the light cycle in mice fed both diets, and in mice fed the WD during the dark cycle (Fig 2H, I). Female
mice, by striking contrast, did not change their food intake or activity levels during the light or dark cycles at 16 weeks of diet (Fig 2J-L).
These results are in agreement with the body of literature demonstrating that consumption of a HFD results in reduced locomotor activity
in C57/BL6J male mice compared to female mice (23,24),

The respiratory exchange ratio (RER) measures inherent composition and utilization of fats, carbohydrates, and proteins as they are
converted to energy substrate. An RER of 1 indicates that only carbohydrates are being used as substrate, and an RER of 0.7 indicates that
only fat is being used as substrate (25). Consistent with the utilization of fat as substrate, male mice fed WD or HFD exhibited
signi�cantly reduced RER (compared to LFD) in both light and dark cycles at 8 weeks of diet (Fig. 3A, C). Female mice also showed a
signi�cantly reduced RER in the dark cycle at 8 weeks of diet and showed no statistical difference in RER when fed a WD during the light
cycle (Fig 3B, D). At 16 weeks of diet male mice continued to show reduced RER in both light and dark cycles under both WD and HFD
feeding compared to LFD-fed mice (Fig 3E, G). Similarly, to 8 weeks of diet, females showed a reduction of RER in the dark cycle when fed
a WD or HFD at 16 weeks and reduced RER when fed a WD only during the light cycle (Fig 3F, H). Collectively, these data demonstrate that
consumption of diets high in dietary fat leads to changes in locomotor activity, food intake, and a change in the animal’s primary fuel
source. Furthermore, while mice of either sex fed a LFD demonstrated a clear peak of nocturnal increased food intake with concomitant
peaks in RER during the nocturnal cycle, HFD and WD feeding attenuated the diurnal peak pattern of feeding behavior (Fig 3A-B, E-F). This
is consistent with reports that diets high in fat disrupt circadian rhythmicity in mice (26,27).

Effect of DIO on glucose tolerance and insulin resistance in male and female mice.

To assess changes in glucose homeostasis, glucose tolerance tests (GTTs) were performed at 4, 12, and 20 weeks of dietary intervention.
After 4 weeks of diet, male mice on either a WD and HFD had worsening glucose tolerance compared to LFD-fed control mice (Fig. 4A, B),
an observation that persisted at weeks 12 and 20 (Fig. 4E-F, I-J). Female mice also showed worsening glucose tolerance on either the WD
or the HFD at 4 and 12 weeks of feeding (Fig. 4C-D, G-H). However, at 20 weeks of dietary intervention while female mice had worsening
glucose tolerance on the HFD, the area under the curve (AUC) analysis was no different in WD-fed compared to LFD-fed female mice (Fig
4K, L). Furthermore, it is worth noting that area under the curve (AUC) values calculated from female GTTs on a WD or HFD intervention
were lower compared to male AUC values on either the WD or HFD at all time points, suggesting an inherent resistance of females to
glycemic deterioration caused by dietary intervention. 

To determine if differences in insulin resistance contributed to the differences observed in glucose tolerance, insulin tolerance tests (ITTs)
were performed at the end of dietary intervention at 22 weeks. Final ITTs performed on male mice fed either the WD or HFD showed
reduced insulin sensitivity compared to LFD-fed mice (Fig 5A, B). Whereas insulin sensitivity was not as markedly affected. ITTs revealed
that female mice on WD and HFD exhibited minimal to no impairment in insulin tolerance compared to females on LFD (Fig 5C, D).
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Sexual dimorphism in adaptive β-cell hyperplasia

Increases in insulin resistance result in increases in islet β-cell mass/area as an adaptive mechanism to meet peripheral insulin demand
(28). To assess for potential changes in islet morphometry, pancreata were removed after 22 weeks of dietary intervention and
immunostained for insulin. Although male mice fed a WD did not show statistically signi�cant changes in β-cell area compared to LFD-
fed mice, male mice fed a HFD had signi�cantly increased β-cell area (Fig. 6, top panel). Notably, HFD-fed female mice trended towards an
increase in β-cell area (p=0.0706), but neither WD nor HFD resulted in signi�cantly altered β-cell mass in females (Fig. 6, bottom panel), a
�nding consistent with the lack of changes in insulin resistance.

Discussion
The epidemic rise in obesity worldwide is a major public health concern in both men and women. Mouse models used for the study of
obesity have been limited by the underrepresentation of female animals despite well-established sex differences in human disease and
treatment outcomes (29–31). The goal of this study was to interrogate how male and female C57BL/6J mice responded to DIO when
challenged with commonly used diets in metabolic research. The data presented here showed that sexual dimorphisms exist between
C57BL/6 mice in terms of (i) the rate of weight gain, (ii) metabolic parameters, and (iii) insulin sensitivity with corresponding pancreatic β-
cell adaptation. Several prior studies have closely examined weight gain following high fat diet feeding of male mice, and have observed
rapid weight gain within 1-2 weeks of initiating diet (20,32). Our studies presented here in male mice are consistent with these prior
studies, with male mice demonstrating rapid weight gain (within 2 weeks on HFD and 6 weeks on WD). Notably, female mice appeared
more resistant to fat accumulation and the T2D-promoting effects of the WD or HFD during the early weeks on these diets. Published
reports have documented the increased susceptibility of male mice to obesity compared to females (33). In a study by Gelineau et al., the
authors investigated behavioral and physiological responses to consumption of chow diet (13% fat), a low-fat diet (10% fat) and a high
fat diet (60% fat) in the presence of water or 10% alcohol in C57BL/6J mice. Interestingly, this study demonstrated earlier weight gain with
reduced activity in males, as well as better glucose tolerance in females in response to a high fat diet (23). However, direct comparisons
including insulin sensitivity between male and female C57/BL6 mice on a low fat diet, WD or HFD have not been previously adequately
evaluated. Although our study shows that two of the commonly used metabolic diets in the obesity literature have different effects in
male and female C57BL/6J mice, both diets result in worsening metabolic parameters in males. Studies that have documented the
increased propensity of male mice to develop obesity have shown this effect might be due to hormonal physiological differences, as
ovariectomy can eliminate the protection against weight gain in female mice (15). In humans, studies have shown that post-menopausal
women are more susceptible to develop obesity and T2D compared to pre-menopausal women (34). However, while sexual dimorphism
has been mainly attributed to gonadal hormones, chromosomal genetic differences likely also underlie physiological sex differences
(35,36). 

The rate of weight gain differences between male and female mice was not easily explained by the amount of food consumption alone.
Our results show that male C57BL/6J mice reduce their food consumption upon feeding with either a WD or HFD, while female mice had
the same food consumption compared to LFD-fed mice at 8 and 16 weeks of feeding. A striking difference was noted in activity levels, as
well. Male mice reduced activity on WD and HFD, whereas female mice largely maintained the same level of activity on these diets as
compared to LFD. RER analysis revealed that both male and female mice switched their fuel utilization source towards fatty acids upon
feeding with either WD or HFD. However, diurnal RER peak patterns were attenuated in both males and females at 8 and 16 weeks of
dietary challenge. These results suggest inherent differences in feeding and activity behavior between male and female mice, such that
male mice are more vulnerable to weight gain and fat mass accumulation during DIO compared to females.

Another striking �nding in our study was the apparent lack of change in β-cell area % in female mice following WD and HFD. In the setting
of insulin resistance, the pancreatic islets respond by increasing insulin production and release, in part through compensatory β-cell mass
expansion (37,38). Our �ndings in male mice show clear increases in β-cell area % upon HFD feeding (and a trend toward an increase
upon WD feeding), a �nding consistent with the insulin resistance observed in these animals in ITTs. Nevertheless, this compensation was
insu�cient to normalize glucose homeostasis in these animals and is a �nding in agreement with prior studies that suggest inherent
defects in β-cell function in male C57BL/6J mice (20). Notably, in our study, ITTs revealed that female mice were protected from the
development of insulin resistance upon WD or HFD compared to male mice. The lower insulin resistance in females upon WD and HFD
likely explains their preserved β-cell area %. Nevertheless, female mice on WD or HFD did experience mild glucose intolerance, suggesting
that defects in β-cell function related to oxidative stress and suppression of mRNA translation, as we have described previously, may be
occurring in female mice (39).
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There are some limitations to this study that should be noted. First, C57BL/6J mice were used. There are many other mouse strains,
including C57BL/6NJ mice, that likely will respond to HFD feeding differently. The C57BL/6J mice (but not C57BL/6NJ mice) express a
loss-of-function mutation in the gene encoding nicotinamide nucleotide transhydrogenase (Nnt), which is associated with a reduction in
glucose-stimulated insulin secretion from β-cells. Prior studies comparing these strains have shown that C57BL/6J male mice gain more
weight and have worsening glucose tolerance at 14 weeks of HFD feeding compared to male 6NJ mice (40). In a study that included
female mice, C57BL/6NJ female mice were found to have lower basal weight and blood glucose levels compared to males, but gained
weight and glucose intolerance at a rate similar to male mice (41). The C57BLKS/J (BLKS) strain is a strain of mice that arose from the
C57BL/6J background and has been characterized to be more resistant to DIO. A comparison of C57BL/6J and BLKS male mice showed
that BLKS mice gain less weight and adiposity in response to a HFD by restricting food intake and increasing activity, which ultimately
protected against HFD-induced glucose intolerance (20). Whether female BLKS mice exhibit improved metabolic parameters compared to
their male counterparts has not been investigated.

Conclusions
Despite recent calls by the National Institutes of Health for the inclusion of females in research studies, a recent report showed that
although there has been an increase in the inclusion of females across major disciplines in the last 10 years, most studies have omitted
sex-based or single sex analyses (42). Biomedical research has historically neglected the impact of sex in biological processes. Our study
provides direct evidence that sexual dimorphisms exist in mouse models of DIO, and that further interrogation of these dimorphisms
might lead to better insight into human obesity.
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Figures

Figure 1

High fat dietary challenge results in faster weight gain in male mice compared to females. Male and female C57BL6/J mice were placed
on an intervention diet starting at 4 weeks of age. (A) Weekly body weights of male mice; (B) Percent total weight gain in males at 22
weeks of dietary intervention; (C) Weekly body weights of female mice; (D) Percent total weight gain in females at 22 weeks of dietary
intervention; (E) Male fat mass at 4, 12 and 20 weeks of dietary intervention; (F) Lean mass at 4, 12, and 20 weeks of dietary intervention
in male mice; (G) Female fat mass at 4, 12 and 20 weeks of dietary intervention; (H) Female lean mass at 4, 12, and 20 weeks of dietary



Page 10/13

intervention; Results are displayed as means ± SEM; means were compared by one-way ANOVA followed by Tukey’s posttest; *, p<0.05,
n=4-8.

Figure 2

Food intake and activity levels are decreased in males challenged with diet induced obesity. Male and female C57BL6/J mice were placed
on a dietary intervention starting at 4 weeks of age. Food intake was monitored and activity was assessed by recording the number of
beam breaks occurring in the x + y- and z-axes at 8 and 16 weeks of diet. (A) Food intake of male mice at 8 weeks of dietary intervention;
(B) Male locomotor activity during the light and dark cycles at 8 weeks of dietary intervention (48 hours depicted); (C). Male locomotor
activity at 8 weeks of dietary intervention (total beam break counts in 24 hours); (D) Food intake of female mice at 8 weeks of dietary
intervention; (E) Female locomotor activity during the light and dark cycles at 8 weeks of dietary intervention (48 hours depicted); (F).
Female locomotor activity at 8 weeks of dietary intervention (total beam break counts in 24 hours); (G) Food intake of male mice at 16
weeks of dietary intervention; (H) Male locomotor activity during the light and dark cycles at 16 weeks of dietary intervention; (I) Male
locomotor activity at 16 weeks of dietary; (J) Food intake of female mice at 16 weeks of dietary intervention; (K) Female locomotor activity
during the light and dark cycles at 16 weeks of dietary intervention; (L) Female locomotor activity at 16 weeks of dietary intervention.
Horizontal white bars denote light cycles (0700 – 1900) and dark gray horizontal bars denote dark cycles (1900 – 0700). Results are
displayed as means ± SEM; Means were compared by one-way ANOVA followed by Tukey’s posttest; *, p<0.05, n=9-10.
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Figure 3

High fat dietary intervention results in a reduction in RER in both male and female mice. Male and female C57BL6/J mice were placed on
a dietary intervention starting at 4 weeks of age and were singly housed in a PhenoMaster LabMaster indirect calorimeter. (A) Calculated
RERs in male mice at 8 weeks of dietary intervention over a 48-hour period; (B) Calculated RERs in female mice at 8 weeks of dietary
intervention over a 48-hour period. (C) Average RER values during the light or dark cycle in male mice; (D) Average RER values during the
light or dark cycle in female mice. (E) RER values in male mice at 16 weeks of dietary intervention over a 48-hour period; (F) RER values in
female mice at 16 weeks of dietary intervention over a 48-hour period; (G) Average RER values during the light or dark cycle in male mice;
(H) Average RER values during the light or dark cycle in female mice. Horizontal white x-axes bars denote light cycles (0700 – 1900) and
dark gray horizontal bars denote dark cycles (1900 – 0700). Results are displayed as means ± SEM; n=10 per treatment group; Means
were compared by one-way ANOVA followed by Tukey’s posttest; *, p<0.05 for indicated comparisons.
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Figure 4

High dietary feeding worsens glucose tolerance in male C57BL6 mice compared to female mice. Male and female mice were placed on a
dietary intervention starting at 4 weeks of age for 4, 12, or 20 weeks before a GTT. At the speci�ed week of dietary intervention, mice were
fasted overnight and injected intraperitoneally with 2g/kg of glucose. (A) GTT after 2 g/kg glucose bolus in male mice at 4 weeks of
dietary intervention; (B) Corresponding area under the curve from GTTs of male mice. (C) GTT of female mice at 4 weeks of dietary
intervention; (D) Corresponding area under the curve from GTTs of female mice; (E) GTT of male mice at 12 weeks of dietary intervention;
(F) Corresponding area under the curve from GTTs. (G) GTT of female mice at 12 weeks of dietary intervention; (H) Corresponding area
under the curve from GTTs. (I) GTT of male mice at 20 weeks of dietary intervention; (J) corresponding area under the curve from GTTs;
(K) GTT of female mice at 20 weeks of dietary intervention; (L) Corresponding area under the curve from GTTs. Results are displayed as
means ± SEM; n=6-10 per treatment group; Means were compared by one-way ANOVA followed by Tukey’s posttest; *, p<0.05 for indicated
comparisons.
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Figure 5

High fat feeding worsens insulin sensitivity in male mice. Male and female mice were placed on a dietary intervention starting at 4 weeks
of age and subjected to an ITT at 22 weeks of diet. Mice were injected intraperitoneally with 0.75 U/kg insulin, and blood glucose
concentrations were measured over the course of 60 minutes. (A) ITT in male mice and (B) corresponding area over the curve analysis of
ITT performed in male mice; (C) ITT in female mice and (D) corresponding area over the curve analysis of ITT performed in female mice.
Means were compared by one-way ANOVA followed by Tukey’s posttest. Results are displayed as means ± SEM; n=5-8 per treatment
group; Means were compared by one-way ANOVA followed by Tukey’s posttest; *, p<0.05 for indicated comparisons.

Figure 6

Male mice demonstrate increased β-cell area in response to either a WD or HFD. Male and female mice C57BL6/J mice were placed on a
dietary intervention starting at 4 weeks of age. After 22 weeks of diet, mice were euthanized and pancreata harvested and stained for
insulin. Left panel: Images of whole pancreatic sections from representative mice immunostained for insulin (brown) and counterstained
with hematoxylin. Scale bars, 1000 m. Right panel: Quantitation of pancreatic β-cell area in male mice (top) and in female mice (bottom);
Results are displayed as means ± SEM; n=3-5 mice per treatment group. Means were compared by one-way ANOVA; *, p<0.05 for indicated
comparisons.


