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I n t r o d u c t i o n
Nursing sickness is a disorder that develops from a complex 

of metabolic, nutritional, and environmental factors that influ-
ence the ability of the mink dam to meet the extreme demands of 
lactation (1). The disorder appears to be linked to a disruption in glu-
cose homeostasis (2), and it has been proposed that the pathogenesis 
of the disease exhibits striking similarity to that of acquired insulin 
resistance (3). Glucose is a primary nutrient for conceptus growth 
and milk synthesis, and its provision is a metabolic priority for the 

pregnant or lactating mammal (4). Owing to low dietary carbohy-
drate intake, nursing mink dams rely heavily on gluconeogenesis 
from dietary amino acids to meet the demands for glucose (2).

In most mammals, there is an adaptive reduction of insulin sen-
sitivity in glucose-metabolizing tissues during late gestation and 
lactation, accompanied by a compensatory increase in pancreatic 
b-cell mass and insulin secretion (4–6). Predisposing genetic and 
environmental factors may result in an exaggerated response and, 
consequently, the development of hyperglycemia, acquired insulin 
resistance, or both (5). Abnormally high levels of plasma glucose 
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A b s t r a c t
Nursing sickness, the largest cause of death in female adult mink, is a metabolic disorder characterized by hyperglycemia. The 
impacts of body condition, dietary supplements, and reproductive status on the blood glucose concentration in female mink 
during the reproductive cycle were investigated. Mink dams on 3 farms were assigned to receive either herring oil (HerO) 
or chromium picolinate (CrPic) or to be in a control group, receiving only the basal diet, for 6 wk at the onset of lactation. 
Hyperglycemia was observed throughout the reproductive cycle. Significant differences in blood glucose levels were observed 
between farms, emphasizing the importance of herd genetics and of animal management and feeding practices in glycemic 
regulation. Female mink exhibiting hyperglycemia early in the reproductive cycle tended to remain hyperglycemic and to have 
poorer health and fewer kits. Glucose levels . 7 mmol/L can be considered critical in this regard. Supplementing the diet 
with CrPic reduced the blood glucose concentration. Results from this study suggest that a diet containing high-quality n-3 
polyunsaturated fatty acids, high levels of carbohydrate, and CrPic supplementation may help the nursing mink dam maintain 
a normal blood glucose concentration during lactation.

R é s u m é
Chez le vison, la maladie de l’allaitement est un désordre métabolique caractérisé par une hyperglycémie et est la cause la plus importante de 
mortalité des visons femelles adultes. Les impacts de l’état de chair, des suppléments alimentaires et du statut reproducteur sur la glycémie 
chez le vison femelle durant le cycle reproducteur ont été étudiés. Des visons femelles sur 3 fermes ont été assignées à recevoir soit de l’huile 
de hareng (HerO), soit du picolinate de chrome (CrPic) ou d’être dans un groupe témoin, ne recevant alors que la diète de base, pour une 
durée de 6 semaines à partir du début de la lactation. Une hyperglycémie a été observée durant toute la durée du cycle reproducteur. Des 
différences significatives dans les niveaux de glucose sanguin étaient notées entre les fermes, démontrant l’importance de la génétique du 
troupeau de même que des pratiques de régie des animaux et d’alimentation sur la régulation de la glycémie. Les visons femelles démontrant de 
l’hyperglycémie tôt dans le cycle reproducteur avaient une tendance à demeurer hyperglycémiques et à avoir une moins bonne santé et moins 
de rejetons. Des niveaux de glucose . 7 mmol/L peuvent être considérés comme critique à cet égard. Une réduction de la concentration du 
glucose sanguin a été obtenue en supplémentant la diète avec du CrPic. Les résultats de la présente étude suggèrent qu’une diète contenant 
des acides gras n-3 polyinsaturés de haute qualité, de hauts niveaux de carbohydrates et un supplément de CrPic peut aider les visons femelles 
allaitantes à maintenir une glycémie normale durant la lactation.
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have been observed in the blood of dams affected by nursing sick-
ness (7). It has recently been proposed (3) that acquired insulin 
resistance in mink females may develop in response to obesity 
or lipodystrophy (deficiency of adipose tissue), deficiency of n-3 
polyunsaturated fatty acids (PUFA), oxidative stress, or a combina-
tion of these factors.

Variable glucose levels have been observed in lactating mink (7), 
but little research has been performed to explore possible con-
nections between blood glucose levels and nursing sickness. We 
investigated glycemic control in the mink female throughout the 
reproductive cycle with the aim of determining the impact of body 
condition, dietary antidiabetic supplements, and reproductive status 
on glycemic regulation during the reproductive cycle on commercial 
farms.

M a t e r i a l s  a n d  m e t h o d s

Animals
This research was carried out on 3 collaborating mink farms in 

Nova Scotia. Standard Black yearling mink females were used, 
each farm supplying a minimum of 30 females (total n = 107). The 
animals were housed in individual cages with free access to water. 
The experiment was performed from March to July 2003. The experi-
mental procedures and husbandry conditions were approved by the 
Animal Care and Use Committee of the Nova Scotia Agricultural 
College and in accordance with the guidelines of the Canadian 
Council on Animal Care (8).

Sample collection and analysis
Blood sampling took place at breeding, mid-gestation, and late 

lactation, at the end of the 6-wk experimental feeding period. 
Approximately 90 min postprandially, blood samples were taken 
from the toenail for glucose analysis with the Accu-Chek Compact 
blood glucose monitor (Roche Diagnostics, Laval, Quebec), as previ-
ously described (9). At the time of sample collection, the mink were 
weighed (to the nearest 0.1 g), and body condition score (BCS) was 
determined according to a 5-point scale, as previously described (9). 
The BCS system involved palpating the shoulders, rib cage, and 
rump area. At lactation, whelping date and kit number, as well as 
the total litter weight, were recorded.

Experiment
The experiment had a randomized block design, with a minimum 

of 10 animals allocated for each treatment per farm. For ease of 
ranch-level administration, groups of 5 animals, rather than indi-
vidual animals, were randomly assigned to treatment.

Each mink received 1 of 3 dietary treatments administered daily 
for 6 wk, beginning near the onset of lactation (May 6 to 8): a non-
supplemented wet mink-lactation ration, which also served as the 
basal diet (control diet); addition of dietary herring oil (HerO), at a 
1% to 3% inclusion level per day; or supplementation with chromium 
picolinate (CrPic), 200 mg/d.

The overall ingredient composition of the basal diet fed through-
out the production year differed markedly among the participating 
farms. Farm A fed higher amounts of herring meal and salmon 

racks (24.7%) than farms B and C (2.9% and 6.8%, respectively), 
whereas farms B and C fed high levels of cod (48.9% and 45.5%, 
respectively). Farm A also fed higher amounts of cereal (28.0%) than 
farms B and C (15.0% and 15.9%, respectively). Owing to the nature 
of the research, it was not possible to carry out nutrient analyses 
on the diets.

Statistical analysis
Potential sources of variation between farms, such as air tempera-

ture, distance from human disturbance, and sizes of cage and nest 
box, were identified and measured; no differences were observed 
in variant data between farms. Statistical analyses were performed 
with SAS, version 8 (SAS Institute, Cary, North Carolina, USA); the 
MIXED procedure was performed with the use of a model with farm 
(block) and treatment as fixed variables. No significant interaction 
effects were observed between farm and treatment; therefore, the 
term was removed from the model. Blood glucose, body weight, 
and litter weight at lactation sampling were examined as response 
variables. Blood glucose levels and dam weights at breeding and 
gestation, along with kit age and litter weight, were analyzed as 
covariates. Covariates not influencing the response (P . 0.15) were 
excluded from the model. The CORR procedure was used to cal-
culate correlations between blood glucose level and litter size and 
weight as well as correlations between blood glucose level and BCS 
and body weight. Results are reported as least-squares means (with 
standard error in parenthesis). Categorical data were evaluated 
with the Fisher’s exact test option of procedure FREQ. A statistical 
significance level of P , 0.05 was used unless otherwise stated.

R e s u l t s

Farm-level differences
Blood glucose concentration — Significant differences were observed 

in blood glucose values between the 3 mink farms at the different 
sampling periods. As shown in Table I, the values for mink dams on 
farm A were lower than those observed on farms B and C at breed-
ing and gestation. The values for the dams on farms B and C did 
not differ significantly. The dams on farm A had relatively constant 
blood glucose values, around 5 mmol/L, whereas the dams on 

Table I. Blood glucose levels at breeding and gestation of mink 
dams on 3 Nova Scotia farms

	 Farm;	least-squares	mean	of	blood	
	 glucose	level	(and	standard	error),	
	 mmol/L
Variable	 A	 B	 C
Breeding,	n	 40	 33	 34
	 5.2	(0.1)a	 6.5	(0.3)b	 6.9	(0.3)b

Gestation,	n	 40	 30	 32
	 5.3	(0.2)a	 7.4	(0.3)b	 6.8	(0.3)b

Change	between		 20.1	(0.3)a	 1.2	(0.3)b	 0.2	(0.3)a

sampling	periods
a,b	Values	that	have	different	superscripts	in	a	row	are	significantly	
different,	at	P	#	0.001.
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farms B and C showed greater variation throughout the reproduc-
tive cycle, values ranging from 5.9 to 7.5 mmol/L, and a decrease 
in values after gestation. The overall mean value for the dams was 
significantly lower (P , 0.001) on farm A, at 5.1 (0.2) mmol/L, than 
on farms B and C, at 6.7 (0.2) and 6.8 (0.2) mmol/L, respectively. The 
dams on farm B had a significantly larger change in blood glucose 
concentration from breeding to gestation than those on farms A and 
C (P = 0.002 and 0.001, respectively), as well as a significantly larger 
change from gestation to lactation (Table II) than those on farm A 
(P = 0.008).

Body weight and BCS — The dams on farms B and C lost signifi-
cantly more weight over the treatment period than those on farm A 
(Table II), in terms of both grams (P , 0.001) and percentage of body 
weight (P , 0.001 and = 0.002, respectively). As shown in Table III, 
the BCS varied among the dams on individual farms between 
sampling periods. Throughout the trial, the dams on farm A were 
categorized as 2 (thin) through 4 (heavy), with approximately 83% of 

ideal condition. At breeding, all the studied dams on farms B and C 
were classified as ideal in condition, but at lactation they had more 
prominent losses and gains in body condition, only 52% and 69%, 
respectively, scoring as ideal.

Reproductive parameters — As Table II shows, farm C had a sig-
nificantly higher litter size than farms A and B (P = 0.05 and 0.02, 
respectively). However, the litter weights did not differ significantly 
on farms A and C, indicating that farm A weaned larger kits than did 
farm C. Although 32% of the dams on farm C weaned litters of 7 to 
9 kits, a much higher proportion than on farms A and B (Table IV), 
15% (5/34) of the studied dams on farm C had died by the end of 
the study, compared with no deaths on farm A.

Blood glucose regulation
Glucose history — Blood glucose values observed at breeding 

marginally affected those observed at gestation (P = 0.06) but signifi-
cantly affected those observed at lactation, with a modest positive 
correlation (r = 0.53, P , 0.001). Changes observed in blood glucose 
values from gestation to lactation were significantly influenced by the 
changes between the 1st and 2nd samplings (r = 20.72, P , 0.001). 
Dams showing little initial change (close to zero) from breeding to 
gestation tended to show little change later on, whereas those show-
ing large fluctuations initially tended to continue the trend.

Body weight and BCS — Body weight did not have a significant 
effect on blood glucose levels at any of the time points. Although no 
differences were observed in blood glucose values between catego-
ries of BCS at breeding or lactation, interesting trends were observed 
at the gestation sampling (Figure 1): dams scoring as ideal had lower 
blood glucose values than those scoring as thin (P = 0.06) or as heavy 

Table II. Data for the dams and their litters 6 wk post partum (at the end of treatment, in late lactation) 
and changes over the treatment period

	 Farm;	least-squares	mean	(and	standard	error)
	 A	 B	 C	
Variable	 (n	=	40)	 (n	=	29)	 (n	=	29)	 P
Blood	glucose	level,	mmol/L
	 6	wk	post	partum	 5.3	(0.2)a	 5.9	(0.2)b	 6.1	(0.2)b	 0.03
	 Change	 20.2	(0.3)a	 21.3	(0.3)b	 20.7	(0.3)ab	 0.03
Dam	weight,	g	 1086.5	(18.5)a	 990.8	(23.1)b	 997.0	(23.4)b	 0.001
	 Change,	g	 2122.5	(18.8)a	 2230.8	(24.0)b	 2231.7	(24.0)b	 ,	0.001
	 Change,	%	 28.8	(2.1)a	 217.0	(2.3)b	 214.4	(2.2)b	 0.005
Litter	size	 4.5	(0.4)a	 4.3	(0.4)a	 5.5	(0.4)b	 0.04
Litter	weight,	g	 2430.4	(171.3)a	 1754.4	(201.2)b	 2168.3	(193.3)ab	 0.07
Barren	females,	no.	 3	 3	 2
Dam	deaths,	no.	 0	 4	 5
a,b	Values	that	have	different	superscripts	in	a	row	are	significantly	different.

Table III. Body condition scores of the dams during the study 
period

Sampling	
period	and	 Score;a	%	of	dams
farm	 1	 2	 3	 4	 5	 Pb

Breeding
	 A	 —	 10	 82	 8	 —
	 B	 —	 —	 100	 —	 —	 0.007
	 C	 —	 —	 100	 —	 —
Gestation
	 A	 —	 10	 78	 12	 —
	 B	 —	 —	 73	 17	 10	 0.61
	 C	 —	 	 7	 78	 16	 —
Lactation
	 A	 —	 	 5	 88	 8	 —
	 B	 —	 21	 52	 24	 3	 0.002
	 C	 10	 17	 69	 3	 —
a	On	a	5-point	scale,	previously	described	(9),	3	being	ideal.
b	Table	probability:	 the	P-values	refer	to	the	frequency	distribution	
between	farms	within	each	sampling	period.

Table IV. Reproductive status of the dams 6 wk post partum

	 	 No.	of	kits	weaned
	 Dam	death	 (%	of	dams)
Farm	 (%	of	dams)	 None	 1–3	 4–6	 7–9	 Pa

A	 	 0	 8	 8	 82	 2	
B	 12	 9	 12	 64	 3	 ,	0.001
C	 15	 6	 12	 35	 32
a	Table	probability.
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(P = 0.02), at 6.3 (0.2) versus 7.9 (0.8) and 7.2 (0.3), respectively. 
Although fewer dams were scored as nonideal, they had greater 
variation in blood glucose values throughout the reproductive cycle 
than did the dams scored as ideal.

When the individual females were followed longitudinally, dams 
that were thin during gestation showed an increase in blood glucose 
concentration of 0.6 (0.7) mmol/L during lactation, whereas those 
in better condition during gestation showed a decrease during lac-
tation (results not shown). Those scored as obese during gestation 
experienced a larger decrease over the treatment period (P = 0.04) 
than those scored as ideal, 2.5 (0.9) versus 0.6 (0.1) mmol/L.

Reproductive parameters — Litter weight and kit age did not have 
a significant effect on the blood glucose concentration of the dam 
at the lactation sampling. However, several dams with high blood 
glucose levels at 1 or more stages became sick, died, or did not 
whelp. As shown in Figure 2, dams that died during gestation or 
lactation had significantly higher blood glucose levels at breeding 
(8.3 [0.5] mmol/L; P , 0.05) than all the dams that whelped and 
nursed litters. Females carrying 1 to 3 kits had higher blood glucose 
levels at breeding than did those pregnant with 4 to 6 kits (6.6 [0.5] 
versus 5.6 [0.2] mmol/L; P = 0.05). The blood glucose levels at 
breeding were also significantly higher in the dams with 7 to 9 kits 
(7.0 [0.4] mmol/L; P = 0.002) than in those with 4 to 6 kits. Barren 
females had marginally higher blood glucose concentrations at  
the gestation sampling time than did females carrying 4 to 6 kits 
(7.3 [0.6] versus 6.1 [0.2] mmol/L; P = 0.06). At the lactation sam-
pling, a marginal increase in glucose levels was observed in the dams 
nursing 7 to 9 kits compared with those nursing 4 to 6 kits (6.4 [0.4] 
versus 5.6 [0.2] mmol/L; P = 0.06).

Treatment effect — With numerous factors contributing to the devel-
opment of hyperglycemia, easily applicable ranch-level treatments 
to improve glycemic control in the mink dams were investigated. 
Those receiving a daily CrPic supplement showed significantly lower 
blood glucose levels during late lactation (P = 0.03) compared with 
the other 2 treatment groups and had a greater decrease over the 

treatment period (P = 0.01), 1.2 (0.2) mmol/L (Table V). The effect of 
HerO was no different from that of the control diet in late lactation. 
No significant differences were observed among the effects of the 
experimental treatments on final dam weight, change in dam body 
weight, or litter weight over the treatment period.

D i s c u s s i o n
Our findings indicate that there was a significant farm effect on 

glycemic control, maintenance of body weight and condition, lit-
ter size and weight, and overall health in mink females during the 
reproductive cycle. The blood glucose concentrations determined for 
farm A were similar to previously reported values in healthy lactat-
ing females: 5.3 (0.3) mmol/L (7). The variation in glucose values 
observed between farms demonstrates the importance of ranch-level 
factors in glycemic regulation. These may include combined genetic 
effects of the herd and animal management and feeding practices 
(3,10). It is known that the mink on farms B and C may be genetically 
similar because of frequent exchange of breeding stock.

With regard to feeding practices, large differences were observed 
between the farms in the dietary constituents fed throughout the 
production year. Farm A, which showed lower and more consistent 
blood glucose values throughout the reproductive cycle, fed signifi-
cantly larger amounts of herring meal and salmon racks than farms B 
and C throughout the year. Fish oil is known to be high in the long-
chain n-3 PUFA (11,12); however, some fish are better sources than 
others. Farms B and C fed high levels of cod racks, a low-oil fish that 
is a poorer source of n-3 PUFA than salmon and herring (13). When 
substituted for other types of lipids in the diet, fish oils high in n-3 
PUFA have beneficial effects on insulin-stimulated glucose transport 
and metabolism in peripheral tissues (14–16). Facilitative glucose 
transporter 4 (GLUT-4) uptakes glucose in response to insulin 
(17–19), and increased cellular GLUT-4 content has been identified 
in the muscle and adipose tissue of rodents fed diets high in fish oil 
(14,20). The larger amounts of herring and salmon fed throughout 

Figure 1. Mean blood glucose concentrations in mink females at breed-
ing, gestation, and lactation according to body condition score: very 
thin (n = 0, 0, 3), thin (n = 4, 6, 13), ideal (n = 100, 78, 70), heavy 
(n = 3, 15, 11), and obese (n = 0, 3, 1).
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Figure 2. Mean blood glucose concentrations in mink females at breed-
ing, gestation, and lactation according to number of kits in the litter at 
late lactation: none (n = 8), 1–3 (n = 11), 4–6 (n = 66), and 7–9 (n = 13). 
A total of 9 females died during the experiment, 5 between breeding and 
gestation and 4 between gestation and the end of the study.
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the production year on farm A may have contributed to the lower 
and more stable blood glucose concentrations observed throughout 
the reproductive cycle.

Similarly, large dietary differences were observed in the amount of 
cereal fed, farm A feeding significantly larger amounts than farms B 
and C. When fed large amounts of carbohydrate, the mink has the 
ability to store excess glucose as glycogen (2). Fink and Børsting (21) 
suggested lower de novo synthesis of glucose in dams with a high 
carbohydrate supply, possibly owing to decreased activity of the 
gluconeogenic enzymes. Mink were able to utilize high levels of 
dietary digestible carbohydrates without critically elevating plasma 
glucose concentrations (22). In the current study, significantly lower 
blood glucose levels were observed in the farm feeding greater levels 
of carbohydrates.

Although females on farm A lost less body weight on a percent-
age basis during the lactation period than those on farms B and C, 
the latter percentages were in agreement with previous findings: 
Hansen and Berg (23) found that apparently healthy mink dams lost 
approximately 15% of their body weight during the 1st 6 wk of lacta-
tion, with 10% lost over the last 2 wk. Similar differences were shown 
in the females’ ability to maintain body condition. Previous studies 
found that readily available carbohydrates helped mink females 
maintain their body condition during the preweaning period (24,25). 
By ingesting more carbohydrate, females may be better able to meet 
the increasing energy demands of lactation (2) and, in turn, be less 
prone to the mobilization of body reserves that often leads to the 
development of nursing sickness (1,7). The higher levels of dietary 
carbohydrates fed on farm A may have contributed to the dams’ 
ability to conserve body weight and condition during lactation.

Differences were also observed between farms in both litter size 
and litter weight at late lactation. Although females on farm C nursed 
larger litters than those on farms A and B, farm A weaned larger kits. 
Genetic background and nutritional management influence milk 
yield in many species. The source of dietary fat influences the fatty 
acid composition of milk and kit tissue in the mink (26,27). Variations 
in milk composition may influence the efficiency of nutrient utiliza-
tion (28); however, the influence of the maternal supply of dietary 
n-3 PUFA on kit growth has not been clarified. Conversely, previous 
findings indicate that dam and kit health may be directly affected 
by the level of dietary carbohydrate (25,29): in a recent study (25), 
mink dams fed a high carbohydrate diet exhibited increased milk 
production, lower percent weight loss, lower total heat production, 

and lower protein oxidation than dams fed a diet low in carbohy-
drates. Feeding a diet high in carbohydrates may allow nursing 
females to redirect carbohydrates towards milk production by 
increasing glycogen synthesis and inhibiting gluconeogenesis (2). 
The combination of larger amounts of high-quality dietary n-3 PUFA 
and dietary carbohydrate fed on farm A may have helped the dams 
to better regulate the blood glucose concentration and to conserve 
body weight and condition during lactation, thus contributing to 
faster kit growth and better dam health. Further studies on a larger 
number of farms would clarify the relative importance of diet and 
genetics in the performance of mink dams.

With regard to the influence of elevated blood glucose levels early 
in the nursing period on those observed as lactation progresses, 
modest but significant correlations were observed. Additionally, 
dams experiencing large fluctuations in blood glucose concentration 
between breeding and gestation showed similar changes during the 
nursing period. Blood glucose values . 8.0 mmol/L during breed-
ing were associated with increased risk of death among the dams, 
whereas values . 7.0 mmol/L during gestation resulted in reduced 
litter size. Irregularities in glucose homeostasis were previously 
identified in lactating mink (7). Our observations suggest that hyper-
glycemia in mink females before whelping may have significant 
implications for glycemic control during lactation. Similarly, humans 
that experience gestational and postpartum insulin resistance are 
believed to have a degree of insulin resistance before their pregnancy 
(30–33). The implication is that certain females may be predisposed 
to disruptions in glucose homeostasis during lactation, likely as a 
consequence of both genetic and environmental factors. Inheritance 
of glucose intolerance (34–36) has been identified as a risk factor for 
the development of insulin resistance in rats. Obesity is also a key 
determinant in the development of gestational insulin resistance 
(37); increased basal hepatic glucose production and decreased 
hepatic glucose uptake have been observed in obese rats before the 
development of hyperglycemia (38). We suggest that hyperglycemia 
is not a transient condition in female mink occurring solely from 
the demands of lactation but may be, in part, predicted by elevated 
blood glucose levels early in the reproductive cycle. Glucose concen-
trations . 7 mmol/L can be considered indicative of a disruption 
in glucose homeostasis and critical in predicting potential problems 
with dam health and reproduction.

Our data support the concept that body condition is linked to 
the ability of the mink dam to regulate blood glucose during the 

Table V. Data for the dams and their litters 6 wk post partum, at the end of treatment with the control 
diet or with supplementary herring oil (HerO) or chromium picolinate (CrPic)

	 Dietary	group;	least-squares	mean	(and	standard	error)
Variable	 Control	 HerO	 CrPic	 P
Blood	glucose	level,	mmol/L
	 6	wk	post	partum	 6.0	(0.2)a	 6.0	(0.2)a	 5.3	(0.2)b	 0.03
	 Change	 20.3	(0.2)a	 20.6	(0.2)a	 21.2	(0.2)b	 0.01
Dam	weight,	g	 1059.3	(19.5)	 1005.3	(20.6)	 1009.7	(20.6)	 0.11
	 Change,	g	 2162.2	(20.2)	 2219.7	(21.2)	 2203.2	(21.3)	 0.14
	 Change,	%	 211.0	(1.9)	 215.7	(2.1)	 213.5	(2.1)	 0.17
Litter	weight,	g	 2180.5	(157.9)	 2000.1	(167.5)	 2172.4	(167.4)	 0.68
a,b	Values	that	have	different	superscripts	in	a	row	are	significantly	different.
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reproductive cycle, particularly during gestation. Few studies 
have demonstrated the relationship between body condition and 
glycemic control in the mink female (9,39). However, obesity has 
been identified as a major risk factor in the development of insulin 
resistance in both humans (40–42) and companion animals (6,43,44). 
Lipodystrophy, a deficiency of adipose tissue, is also associated with 
impaired responsiveness to insulin (45), and pronounced insulin 
resistance and reduced b-cell insulin secretion have been observed 
in lean women during gestation (46). In agreement with previous 
findings (9), evidence of impaired glycemic control was observed 
in mink females scored as having a nonideal body condition during 
the reproductive cycle. Frayn (45) proposed that when the storage 
capacity of adipose tissue is overwhelmed, or when there is insuf-
ficient adipose tissue to absorb dietary fatty acids, other glucose-
metabolizing tissues (i.e., skeletal muscle, liver, and pancreatic 
b-cells) are exposed to triacylglycerols, ultimately leading to insulin 
resistance. The normal adaptive reduction of insulin sensitivity that 
occurs during pregnancy and lactation (5) may be exaggerated in 
mink females with a nonideal body condition, leading to a reduced 
ability to regulate blood glucose levels during lactation.

Our results suggest that abnormalities in glucose homeostasis 
early in the breeding season may be an indicator for reproductive 
failure and dam illness. In humans, increases in maternal blood 
glucose concentration are linked to an increased risk of fetal and 
neonatal disease (5,47,48). Elevated blood glucose values were 
observed early in the reproductive cycle of both barren females and 
those with smaller litters. Although increased levels were observed 
in dams experiencing decreased reproductive success, they were also 
detected in those with larger litters (7 to 9 kits) during breeding and 
lactation. Increasing litter size has been identified as a major risk 
factor for nursing sickness (1,10).

In a study by Børsting and Damgaard (49), the increased demand 
for milk production found in females nursing 8 kits in comparison 
with dams nursing only 4 kits resulted in higher glucose production 
in the former. One would expect a similar increase in glucose demand 
to be associated with carrying larger litters. During pregnancy and 
lactation, a condition of insulin resistance develops, a mechanism 
favoring glucose supply to the growing fetus and milk production 
(5). The increased demand for glucose associated with larger litters 
may aggravate underlying insulin resistance in mink females. It is 
apparent that abnormalities in glucose homeostasis occur through-
out the reproductive cycle in mink females; the consequences may 
include reproductive failure and dam illness or death.

In studies of humans and animals, offspring of mothers with ges-
tational diabetes have been found to be at increased risk of obesity, 
glucose intolerance, and insulin resistance (5,36,50,51). Boloker et al 
(36) found that the altered metabolism in a diabetic pregnancy causes 
permanent defects in glucose homeostasis in the offspring that may 
lead to diabetes later in life. It is plausible that mink kits born to 
dams with impaired gestational glucose regulation may be prone to 
the development of a similar condition. Genetic selection for mink 
females with large litters may inadvertently result in the selection 
of females predisposed to poor glycemic regulation inherited from 
their mothers. Future studies should explore this relationship.

Conditions that increase circulating insulin and glucose concen-
trations, including pregnancy (52) and obesity, increase urinary 

chromium output (53–55), and chromium deficiency may be an 
aggravating factor in the progression of insulin resistance (56,57). 
Improved glucose tolerance and decreased insulin resistance have 
been observed in rats (58) and cats (6) receiving chromium supple-
mentation. Chromium acts to increase insulin binding to cells 
through an increased number of insulin receptors and an increase 
in insulin receptor phosphorylation (59,60). In the current study, 
CrPic supplementation decreased blood glucose levels in mink 
dams during lactation when compared with the values in the other 
2 treatment groups.

Dietary supplementation with herring oil, at the level given in 
this study, did not affect blood glucose levels in the mink dams 
during late lactation. This was unexpected, as previous studies have 
shown dietary n-3 PUFA to improve glycemic regulation (14–16,61), 
and in the current study the mink dams fed higher levels of fish 
known to be high in n-3 PUFA had lower and more consistent blood 
glucose values. Substitution of saturated fat with high-quality n-3 
PUFA within the diet may be required to significantly improve 
insulin sensitivity in the mink dam during lactation. This practice 
may be most beneficial during the fall, when body fat reserves are 
accumulated in preparation for the winter (62), as mink body fat 
composition has been shown to be highly responsive to dietary fatty 
acid profiles (63).

C o n c l u s i o n s
Our findings indicate that in mink dams the inability to maintain 

glucose homeostasis is not a problem occurring solely from the 
demands of lactation. Poor glucose regulation occurs throughout the 
reproductive cycle and may predispose to decreased reproductive 
success and poor dam health. Glucose concentrations . 7 mmol/L 
can be considered critical in this regard. Overall, females demon-
strating large changes in glucose levels from breeding to gesta-
tion had increased glycemic variability while nursing. Significant 
differences were also observed in blood glucose levels between 
farms, emphasizing the importance of ranch-level factors (herd 
genetics and animal management and feeding practices) in glycemic  
regulation.

Another important factor may be proper conditioning of the 
females to avoid thinness and obesity during breeding and gesta-
tion. Females thin at gestation showed an overall increase in blood 
glucose concentration during the nursing period, whereas those 
in optimal condition showed a decrease in these values. Similarly, 
females classified as obese at gestation had a larger drop in blood 
glucose concentration during lactation than those scored as having 
an ideal body condition. The increased variation in blood glucose 
levels observed among the females in nonideal condition throughout 
the reproductive cycle indicates impaired ability to regulate glucose 
homeostasis.

Blood glucose levels at lactation may be influenced by supple-
mentation with CrPic at the onset of nursing. However, as there was 
evidence of poor glucose regulation in the females before lactation, 
it appears that preventive measures need to be taken throughout the 
year. Although genetic and husbandry contributions could not be 
differentiated, the results of this study suggest that the combination 
of high-quality n-3 PUFA and high levels of dietary carbohydrate, 
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fed throughout the production year, warrants further investigation 
as a tool to better enable mink dams to maintain glucose homeostasis 
and body condition during the critical nursing period.
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