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Abstract
Impairment of the insulin regulation of energy metabolism is considered to be an etiologic key
component for metabolic disturbances. Methods for studies of insulin sensitivity thus are highly
topical. There are clear indications that reduced insulin sensitivity contributes to the metabolic
disturbances that occurs especially among obese lactating cows. Direct measurements of insulin
sensitivity are laborious and not suitable for epidemiological studies. We have therefore adopted
an indirect method originally developed for humans to estimate insulin sensitivity in dairy cows. The
method, "Revised Quantitative Insulin Sensitivity Check Index" (RQUICKI) is based on plasma
concentrations of glucose, insulin and free fatty acids (FFA) and it generates good and linear
correlations with different estimates of insulin sensitivity in human populations. We hypothesized
that the RQUICKI method could be used as an index of insulin function in lactating dairy cows. We
calculated RQUICKI in 237 apparently healthy dairy cows from 20 commercial herds. All cows
included were in their first 15 weeks of lactation. RQUICKI was not affected by the homeorhetic
adaptations in energy metabolism that occurred during the first 15 weeks of lactation. In a cohort
of 24 experimental cows fed in order to obtain different body condition at parturition RQUICKI
was lower in early lactation in cows with a high body condition score suggesting disturbed insulin
function in obese cows. The results indicate that RQUICKI might be used to identify lactating cows
with disturbed insulin function.

Findings
In humans the prevalence of obesity, overweight and
other food related problems are increasing in many areas
in the world with a number of metabolic diseases as a con-
sequence [1]. There is general agreement that the etiologic
key component in the pathogenesis of these metabolic
diseases is insulin resistance (IR). Insulin resistance is
defined as a condition when higher than normal insulin
concentrations are needed to achieve normal metabolic
responses [2]. One general effect of disturbed insulin
function in man is infiltration of fat in the liver which in
turn may give rise to a number of pathological changes

[3,4]. Also in dairy cows obesity and fatty liver occur fre-
quently and the fat cow syndrome is a well-known prob-
lem [5].

The importance of IR as the primary etiological factor in
the development of metabolic disturbances has increased
the interest for measurement of insulin sensitivity. It is not
possible to estimate insulin sensitivity only by determina-
tion of the plasma concentration. Different kinds of glu-
cose tolerance tests (GTT) used in clinical investigations
need time and are not suitable for epidemiological inves-
tigations. In lactating dairy cows about 80 % of the cellu-
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lar glucose uptake occurs independently of insulin [6],
which reduces the suitability of GTT. Furthermore, due to
the digestive physiology of adult ruminants it is generally
difficult to prepare steady state protocols.

A method for epidemiological studies of insulin sensitiv-
ity in man has been developed [7,8]. The method,
"Revised Quantitative Insulin Sensitivity Check Index"
(RQUICKI) implies a valuation of the homeostatic energy
balance and is based on plasma concentrations of glucose,
insulin and free fatty acids (FFA). RQUICKI generates
good and linear correlations with direct euglycemic hyper-
insulinemic measurement of insulin sensitivity as well as
with other estimates of insulin sensitivity in different
human populations [8]. RQUICKI is calculated based on
the blood plasma concentrations of glucose (Gb) in mg/
dl, insulin (Ib) in μU/ml and free fatty acids (FFAb) in
mmol/l, b denotes basal values. The formula was first
described by Perseghin et al. [7] in the following manner:
RQUICKI = 1/[log (Gb) + log (Ib) + log (FFAb)]. A low
index value indicates decreased insulin sensitivity.

We hypothesize that RQUICKI could be used as an index
of insulin function in dairy cows. The first aim of the
present study was to monitor normal variations in
RQUICKI during the period from calving to mid-lactation
in high producing dairy cows without clinical signs of dis-
ease. Secondly the aim was to investigate how the
RQUICKI post partum was affected in cows subjected to
different dry-period feeding regimen thus creating differ-
ent body condition at parturition.

We have elaborated data from a previous investigation
[9]. Twenty herds and 237 dairy cows were examined.
Each herd was visited once during the housing season and
all cows within the first 15 weeks of lactation were
included in the study. Blood plasma was analysed for glu-
cose, FFA and insulin as previously described [9].
RQUICKI was calculated as described by Perseghin et al.
[7]. Before statistical analysis, the data were divided into
the five lactation periods i.e. period 1, samples taken from
parturition until the 3rd lactation week, period 2; lacta-
tion weeks 4–6, period 3; lactation weeks 7–9, period 4;
lactation weeks 10–12 and period 5; lactation weeks 13–

15. The plasma components and RQUICKI were statisti-
cally analysed using the general linear models procedure
(Minitab release 14). The model accounted for herd and
lactation period.

In the second study we elaborated data from another pre-
viously performed experiment [10,11]. In that study the
influence of body condition at parturition on metabolism
and performance during lactation was investigated. Body
condition was evaluated as described by Agenäs et al. [10]
and FFA, insulin and glucose were analysed as described
by Holtenius et al. [11]. RQUICKI was calculated as
described above.

The plasma concentrations of glucose, insulin and FFA
and the index RQUICKI during the 15 weeks after parturi-
tion are presented in Table 1. Glucose, insulin and FFA
were all significantly affected by sampling week relative to
parturition. The glucose level was lowest in samples taken
during the first three weeks after calving thereafter only
small fluctuations occurred. The concentration of insulin
was also lowest during the period including the first 3
weeks after parturition and the highest level was observed
10 – 15 weeks after parturition. The plasma concentration
of FFA was highest within three weeks after calving and
decreased gradually thereafter. These changes agree with
the results of other studies [11-13]. The influence of lacta-
tion week on these plasma components makes them less
suitable as individual indices to identify changes in insu-
lin sensitivity. On the other hand the RQUICKI was not
significantly affected by lactation week. The result thus
suggests that RQUICKI in contrast to the individual com-
ponents insulin, FFA and glucose, was not affected by the
homeorhetic adaptations in energy metabolism that
occurred in apparently healthy cows during lactation. This
would facilitate the use of RQUICKI as an index to iden-
tify changes in insulin sensitivity. In humans obesity is
related to a reduced insulin sensitivity concomitant with
an increased incidence of metabolic diseases [8,1]. We
have previously observed that cows that were overfed dur-
ing the dry period, and thus having a high body condition
score (BCS) showed a reduced glucose disappearance after
a GTT and it was suggested that the cows with a high body
condition score were more insulin resistant than the thin-

Table 1: Glucose, insulin and FFA in plasma and RQUICKI -values in cows during the first 15 weeks of lactation. N = 237 cows. Data 
presented as means ± standard error of the mean.

Lactation week

Item 1–3 4–6 7–9 10–12 13–15 P-value

Glucose (mmol/l) 3.05 ± 0.10 3.21 ± 0.10 3.30 ± 0.10 3.39 ± 0.11 3.20 ± 0.08 0.03
Insulin (μU/ml) 6.7 ± 0.9 8.6 ± 0.9 8.4 ± 0.9 10.4 ± 0.8 10.1 ± 1.1 0.006
FFA (mmol/l) 0.41 ± 0.03 0.29 ± 0.03 0.22 ± 0.03 0.20 ± 0.03 0.17 ± 0.03 <0.001
RQUICKI 0.48 ± 0.15 0.50 ± 0.15 0.51 ± 0.15 0.50 ± 0.12 0.52 ± 0.17 0.28
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ner cows [11]. Interestingly, using the same data set we
here found that there was a significant negative linear rela-
tionship between body condition score and RQUICKI (P
= 0.003) (Figure 1). The results are thus in agreement with
the findings in humans [8].

Conclusion
We have demonstrated that RQUICKI was not affected by
the adaptations that normally occur in apparently healthy
cows during the first months of lactation. However,
RQUICKI was lower, reflecting disturbed insulin function,
in obese cows. The results indicate that RQUICKI might
be used to identify cows with disturbed insulin function.
However evidence of a relationship between RQUICKI
and metabolic diseases in dairy cows is yet lacking.
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Relationship between body condition score (BCS) and RQUICKIFigure 1
Relationship between body condition score (BCS) and 
RQUICKI. BCS was determined on a five-grade scale with 
half point increments where 1 represents very thin and 5 an 
obese animal.

1

2

3

4

5

0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75

RQUICKI

B
C

S

Page 3 of 3
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16048667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16048667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=723640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=723640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16250043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16250043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16225477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16225477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=965540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9275254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9275254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11600540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11600540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11600540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11600540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14557474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14557474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14557474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15158210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15158210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15158210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12703624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12703624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12703624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12703625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12703625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12703625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12778580
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12778580
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12778580
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9839233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9839233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9839233
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Findings
	Conclusion
	Competing interests
	Authors' contributions
	References

