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Background: It is unknown if diabetic cats in remission have persistent abnormalities of glucose metabolism and should

be considered prediabetic, or have normal glucose tolerance.

Objective: To characterize glycemic status of diabetic cats in remission and to determine predictors of relapse.

Animals: A total of 21 cats in diabetic remission and 28 healthy control cats.

Methods: At a median of 107 days after remission, screening blood glucose concentration was measured on entry to

the clinic. After a 24-hour fast in hospital, fasting blood glucose, fructosamine and feline pancreatic lipase concentrations

were measured, and 3 hours later, a simplified IV glucose tolerance test (1 g glucose/kg) performed. Twenty cats were

monitored for relapse for at least 9 months.

Results: Of the 21 cats in remission, 19% (4/21) had impaired fasting glucose concentration and 76% (16/21) had

impaired glucose tolerance. Of cats followed up for 9 months after testing, 30% (6/20) had relapsed and required insulin

treatment. Fasting blood glucose concentration ≥7.5 mmol/L (≥135 mg/dL) (odds ratio [OR] = 12.8) and severely impaired

glucose tolerance (≥5 hours to return to <6.5 mmol/L or <117 mg/dL; OR = 15.2) were significantly associated with

relapse. Blood glucose concentration >14 mmol/L; 252 mg/dL at 3 hours was significantly associated with relapse

(OR = 10.1).

Conclusion and Clinical Importance: Most cats in diabetic remission have impaired glucose tolerance and a minority

have impaired fasting glucose concentration and should be considered prediabetic. More severe glucose intolerance and

impaired fasting glucose concentration are predictors of relapse. Ongoing glucose monitoring of diabetic cats in remission

is recommended.

Key words: Diabetes mellitus; Glucose tolerance test; Impaired fasting glucose concentration; Impaired glucose

tolerance; Prediabetic; Screening glucose.

After weeks or months of treatment, many insu-
lin-treated diabetic cats maintain euglycemia

without exogenous insulin or oral hypoglycemic
agents and are said to be in diabetic remission.1 Dia-
betic remission is hypothesized to occur when pancre-
atic b cells recover from the suppressive effects of
hyperglycemia and are able to secrete sufficient insu-
lin to maintain euglycemia.2–4 The probability of dia-
betic remission is likely increased with institution of
early, effective glycemic control, and remission rates
>80% are reported in newly diagnosed diabetic cats
managed using long-acting insulin1 and low carbohy-
drate diets.5,6

Approximately, 25–30% of cats in remission are
reported to subsequently relapse and require further
insulin treatment to control blood glucose concentra-
tions.5,7 Factors predisposing to diabetic relapse are
currently unknown, and it is unclear if the majority of
cats in remission have persistent abnormalities of glu-
cose metabolism or have normal glucose tolerance.

Human patients with impaired glucose tolerance or
impaired fasting glucose concentration (blood glucose
concentration above normal but below diabetic range,
resulting from an inability to maintain normal blood
glucose concentration) are classified as prediabetic and
are at greatly increased risk of becoming diabetic.8

Structured lifestyle intervention, aimed at increasing
physical activity and producing 5–10% loss of body
weight, and certain pharmacological agents, prevent or
delay the development of diabetes in people with
impaired glucose tolerance.8 Knowledge of the glucose
tolerance status of cats in remission may be important
to guide treatment to decrease or delay diabetic
relapse, and for predicting relapse.

The aims of this study were to describe the glycemic
status of diabetic cats in remission using fasting blood
glucose concentrations and glucose tolerance testing,
and to assess potential predictors of relapse.

Materials and Methods

Study Design

This retrospective and prospective cohort study involved cli-

ent-owned diabetic cats in remission presented to a feline prac-

tice (The Cat Clinic, Paddington and Mt Gravatt, Qld,

Australia; remission cats), and clinically healthy client-owned

cats presented to the feline practice or the University of

Queensland Veterinary Teaching Hospital (control cats). Previ-

ously insulin-treated diabetic cats in remission were retrospec-
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tively identified from practice records or were recruited pro-

spectively. At the time of initial diagnosis of diabetes, all cats

had consistent clinical signs, marked hyperglycemia (>20 mmol/

L; >360 mg/dL), and glucosuria. While diabetic, all cats were

treated with insulin glargine, and the majority were fed a low-

carbohydrate diet. A published protocol for insulin adjustment

was used for 18 cats, and the adjustment protocol was

unknown in 3 cats.1 Diabetic cats in remission were enrolled

in the study based on: (1) confirmation of at least 1 blood glu-

cose concentration ≤6.5 mmol//L (≤117 mg/dL) measured a

minimum of 2 weeks after insulin administration was discontin-

ued; and (2) absence of clinical signs of diabetes before glucose

tolerance testing. Clinical signs were monitored by the owner

and discussed with the veterinarian on admission to the study.

Remission date was defined as 14 days after the date that insu-

lin administration was discontinued. Only cats of good temper-

ament were enrolled; this requirement was necessary to

minimize the effects of stress caused by handling on blood glu-

cose concentrations.

After enrollment in the study, remission cats were admitted to

the clinic hospital for 48 hours for baseline testing, including

blood glucose measurements before and after fasting and a glu-

cose tolerance test. Body weight and body condition score (BCS;

scale of 1–9) were recorded, and urinalysis and hematology

performed. Total thyroxine (T4), serum biochemistry, serum fruc-

tosamine concentration, and feline pancreatic lipase immunoreac-

tivity (fPLI in 15 of the 21 cats) were measured by an external

laboratory.a

Blood glucose concentration was measured using a portable

glucometerb calibrated for feline blood from samples obtained

from the ear (first preference), paw pad, or jugular vein, depend-

ing on the cat’s temperament. Coefficient of variation (CV) for

the meter was determined using blood from a healthy cat and

was 1.8% for interassay variation (3 meters, 20 times) and 2.2%

for intra-assay variation (20 replications). CVs provided by the

manufacturer ranged from 2.09 to 2.27% for blood glucose con-

centrations in the low, normal, and high range (average values,

62–633 mg/dL).

Blood glucose concentration was measured on entry to the

clinic and before food was withheld (defined as screening blood

glucose concentration), and the upper limit of normal used

(9.2 mmol or <166 mg/dL) was based on reference intervals from

our laboratory, derived from 49 ideal weight cats.c For all study

cats, after overnight hospitalization and withholding food for

24 hours, a 22G catheter was placed in a cephalic vein and irri-

gated with heparinized saline. Three hours were allowed to elapse

to facilitate resolution of stress hyperglycemia before measure-

ment of fasting glucose concentration and beginning the glucose

tolerance test.9 Impaired fasting blood glucose was defined as a

fasting glucose concentration >6.5 mmol/L (117 mg/dL), based

on reference intervals derived from 26 ideal weight cats with nor-

mal glucose tolerance testsd and <11 mmol/L (<198 mg/dL)

based on the literature.10 Concentrations ≥ 11 mmol/L (198 mg/

dL) were classed as diabetic.10 A bolus of 50% glucose (wt/vol)

then was administered IV at 1 g/kg over 1-minute via the cepha-

lic catheter. Blood glucose concentration was measured at

2 hours after glucose administration, and then hourly until blood

glucose concentration was ≤6.5 mmol/L (≤117 mg/dL) or until

9 hours after the test start, whichever occurred first. After testing,

cats were offered a meal of their regular food and discharged.

After initial testing, cats were evaluated for relapse by moni-

toring blood glucose concentration (either by home monitoring

or during health checks at the clinic) and clinical signs. Relapse

was diagnosed when clinical signs consistent with diabetes were

reported by the owner (eg, polyuria and polydipsia), and blood

glucose concentration was documented to be persistently

>11 mmol/L and associated with glycosuria.

Because distributions and reference intervals were not avail-

able for predominantly geriatric healthy cats for many variables,

corresponding data, including glucose tolerance test data, were

collected from 28 clinically healthy control cats enrolled in this

study and another study, and control cats were frequency-

matched with the diabetic cats based on age and body condition

score. Control cats were selected from clients of the same veteri-

nary practice or from cat owners recruited through the univer-

sity, and were deemed clinically healthy based on history,

physical examination findings, CBC, serum biochemistry, serum

total thyroxine concentration, and urinalysis. Ethical approval

was obtained from the University of Queensland Animal Ethics

Committee, and all clients signed a consent form before their cats

were enrolled in the study.

Statistical Analyses

Blood glucose and fructosamine concentrations were compared

between remission and control cats using the t-test for unequal

variances performed using the t-test command in Stata.e Normal-

ity of residuals was assessed by plotting the distributions of these

after fitting group (ie, remission or control) with linear regression

using the regress command in Stata.e For the 4 variables com-

pared, distributions were approximately normally distributed.

Times to relapse also were compared between cats with low or

high fasting glucose concentrations using only cats that had

relapsed.

The abilities of dichotomous variables to predict relapse by

9 months (270 days) after baseline testing were assessed using

exact logistic regression, with the exlogistic command in Stata.e

Nine months was chosen because only 1 nonrelapsing cat was

monitored for <270 days and, at the time analyses were per-

formed, all relapsed cats had relapsed before 270 days. The 1

nonrelapsing cat that was monitored for relapse for <270 days

was excluded from these analyses. Probabilities of relapse and

associated confidence intervals were calculated using the mid-p

rule. Where no or all cats in an exposure category relapsed, odds

ratios were calculated as median unbiased estimates without the

mid-p rule. Predicted probabilities of cats relapsing were calcu-

lated with associated exact confidence intervals.

Sensitivities of dichotomous variables for predicting relapse by

9 months after baseline testing were calculated as the proportions

of relapsed cats that had values above the cut-point (defined as

concentrations above which cats are considered abnormal), speci-

ficities were calculated as the proportions of nonrelapsed cats

that had values at or below the cut-point, positive predictive val-

ues were calculated as the proportions of cats with values above

the cut-point that relapsed, and negative predictive values were

calculated as the proportions of cats with values at or below the

cut-point that did not relapse. Assuming sensitivities and specific-

ities do not vary with prevalence of relapse, positive, and nega-

tive predictive values would vary from these in populations in

which the prevalence of relapse differed from that in this study’s

population.

Univariable analyses also were performed using survival

analyses with all cats; all nonrelapsing cats were included and

right-censored at the last time they were monitored. Log-rank

tests were performed using the sts test command in Stata.e

These were relatively complex models given the limited dataset,

and did not provide exact P-values. Because the P-values for all

univariable associations were broadly similar to those obtained

from the simpler logistic regression models, these were not

reported.

Because cut-points were not available a priori for some vari-

ables, upper limits of 95% reference intervals were used as

cut-points for these. Reference intervals were calculated with
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data from the 28 clinically healthy control cats. These reference

intervals were generated using Reference Interval Draft Ver-

sion.f Data were transformed to approximate a normal distri-

bution using the Box-Cox transformation. Using the

transformed data, observations >1.5 times the interquartile

range below the 25th percentile and observations >1.5 times

the interquartile range above the 75th percentile were consid-

ered to be outliers and omitted from further calculations.11,12

For the lower limit of the reference interval, the spreadsheet

used a transformed robust approach.12,13 The upper limit was

calculated in the same way after “flipping” all untransformed

values ≥ the median around the median. Associated 90% confi-

dence intervals for the upper and lower limits of the reference

intervals were estimated using bootstrapping with 1,000 replica-

tions.12

Additional higher cut-points were assessed post hoc after

examination of data, with cut-points selected to ensure at least

modest numbers of cats above the cut-point. The abilities of

various combinations of 2, 3, and 4 predictors to predict

relapse by 9 months (270 days) after baseline testing also were

assessed.

Results

The diabetic cats (n = 21; 8 female, 13 male; all neu-
tered) had been in remission for a median of 107 days
(range, 10 days [ie, off insulin 24 days] to 4 years) at
the time of baseline testing. This was the first diabetic
remission for all cats. Median age at glucose tolerance
testing was 12 years (range, 5–17 years) and median
body condition score on a 9-point scale was 5 (range,
5–7). Feline breeds were Domestic Short Hair (n = 9),
Burmese (n = 8), Siamese (n = 2), Australian Mist
(n = 1), and Russian-cross (n = 1). At the time of
diagnosis of diabetes, 2 cats had documented pancrea-
titis (fPLI was available for 15/21 cats), and 5 cats had
a recent history of corticosteroid administration. No
cats presented with diabetic ketoacidosis at the time of
diagnosis.

Matched control cats (n = 28) had a median age of
10 years (range, 5–18 years), median body condition
score of 5 (range, 4–8), and were Domestic Short Hair
(n = 19), Burmese (n = 5), Siamese (n = 1), Oriental
(n = 1), Abyssinian (n = 1), and Tonkinese (n = 1).

Fasting and Screening Blood Glucose Concentration
and Glucose Tolerance

Fasting glucose concentrations in all control cats
were <6.5 mmol/L (117 mg/dL; Table 1). Mean fasting
glucose concentration for the diabetic cats in remission
was significantly higher (P = .002), and only 81% (17/
21) had concentrations of ≤6.5 mmol/L (117 mg/dL;
Table 1). The remaining 4 cats (19%) had fasting glu-
cose concentrations of 6.6, 7.5, 7.8, and 8.4 mmol/L
(119, 135, 140, and 151 mg/dL); all of these concentra-
tions were below that required for classification of cats
as diabetic (11 mmol/L; 198 mg/dL)10; and these cats
were arbitrarily classified post hoc as having mildly
(n = 1, glucose 6.5 to <7.5 mmol/L; 117 to <135 mg/
dL) to moderately (n = 3; glucose ≥7.5 to 8.4 mmol/L;
≥135 to 151 mg/dL) impaired fasting glucose concen-
tration. T
a
b
le

1
.

M
ea
n
s,
S
D
,
a
n
d
ra
n
g
es

o
f
b
lo
o
d
g
lu
co
se

v
a
ri
a
b
le
s
b
et
w
ee
n
h
ea
lt
h
y
,
a
g
e,

a
n
d
b
o
d
y
co
n
d
it
io
n
sc
o
re
-m

a
tc
h
ed

co
n
tr
o
l
(2
8
a
)
ca
ts

a
n
d
re
m
is
si
o
n
(2
1
)
ca
ts
.

C
o
n
tr
o
l
C
a
ts

R
em

is
si
o
n
C
a
ts

P
-V

a
lu
e

9
5
%

R
ef
er
en
ce

In
te
rv
a
l

M
ea
n
�

S
D

R
a
n
g
e

M
ea
n
�

S
D

R
a
n
g
e

L
o
w
er

L
im

it
(9
0
%

C
Ia
)

U
p
p
er

L
im

it
(9
0
%

C
I)

F
a
st
in
g

b
lo
o
d
g
lu
co
se

4
.6

�
0
.9

m
m
o
l/
L

(8
3
�

1
6
m
g
/d
L
)

2
.8
–6
.1

m
m
o
l/
L

(5
0
–1
1
0
m
g
/d
L
)

5
.7

�
1
.2

m
m
o
l/
L

(1
0
3
�

2
2
m
g
/d
L
)

3
.7
–8
.4

m
m
o
l/
L

(6
7
–1
5
1
m
g
/d
L
)

.0
0
2

2
.3

(1
.7
–2
.8
)
m
m
o
l/
L

[4
1
(3
0
–5
0
)
m
g
/d
L
]

6
.3

(5
.9
–6
.6
)
m
m
o
l/
L

[1
1
3
(1
0
7
–1
1
8
)
m
g
/d
L
]

S
cr
ee
n
in
g

b
lo
o
d
g
lu
co
se

4
.9

�
0
.9

m
m
o
l/
L

(8
8
�

1
6
m
g
/d
L
)

2
.5
–6
.0

m
m
o
l/
L

(4
5
–1
0
8
m
g
/d
L
)

6
.4

�
1
.8

m
m
o
l/
L

(1
1
5
�

3
3
m
g
/d
L
)

3
.2
–9
.7

m
m
o
l/
L

(5
8
–1
7
5
m
g
/d
L
)

.0
0
2

1
.5

(0
.0
–2
.8
)
m
m
o
l/
L

[2
7
(0
–5
0
)
m
g
/d
L
]

6
.4

(6
.1
–6
.6
)
m
m
o
l/
L

[1
1
5
(1
1
0
–1
1
8
)
m
g
/d
L
]

2
h
o
u
rs

b
lo
o
d
g
lu
co
se

8
.6

�
3
.2

m
m
o
l/
L

(1
5
5
�

5
8
m
g
/d
L
)

3
.2
–1
6
.3

m
m
o
l/
L

(5
8
–2
9
0
m
g
/d
L
)

1
9
.4

m
m
o
l/
L

�
5
.2

(3
4
9
�

9
4
m
g
/d
L
)

7
.6
–2
5
.9

m
m
o
l/
L

(1
3
6
–4

6
6
m
g
/d
L
)

<
.0
0
1

3
.3

(2
.5
–4
.4
)
m
m
o
l/
L

[5
9
(4
5
–7
9
)
m
g
/d
L
]

1
6
.4

(1
4
.4
–1
8
.2
)
m
m
o
l/
L

[2
9
6
(2
5
8
–3
2
7
)
m
g
/d
L
]

F
ru
ct
o
sa
m
in
eb

2
4
6
�

3
3
lm

o
l/
L

1
9
0
–3
0
5
lm

o
l/
L

2
7
2
�

4
2
l
m
o
l/
L

1
9
7
–3
4
7
lm

o
l/
L

.0
2
8

1
7
8
(1
6
4
–1
9
0
)
l
m
o
l/
L

3
2
1
(3
0
3
–3
3
4
)
l
m
o
l/
L

a
C
I
=
co
n
fi
d
en
ce

in
te
rv
a
l.

b
F
ru
ct
o
sa
m
in
e
w
a
s
m
ea
su
re
d
in

2
4
o
f
th
e
2
8
ca
ts
.

186 Gottlieb et al



Screening blood glucose concentration, measured in
the consulting room after travel to the clinic, and any
time interval after eating, were significantly higher
(P = .002) for cats in remission compared to control
cats (Table 1).

Glucose concentrations of all control cats during
glucose tolerance testing were ≤6.5 mmol/L (117 mg/
dL) within 3 hours of glucose administration, indicat-
ing normal glucose tolerance, and 36% (10/28) of these
cats reached this concentration by 2 hours. In contrast,
only 24% (5/21) of the diabetic cats in remission had
glucose concentrations ≤6.5 mmol/L (117 mg/dL)
within 3 hours (Fig 1), indicating that 76% (16/21) of
the diabetic cats in remission had impaired glucose tol-
erance. Glucose concentrations at 2 hours were signifi-
cantly higher (P < .001) for cats in remission cats
compared to control cats (Table 1).

Of the 16 cats in remission with impaired glucose
tolerance, a glucose concentration of ≤6.5 mmol/L
(117 mg/dL) was first observed at 4 hours in 8 cats
and 5 hours in 7 cats. The glucose concentration in
the remaining cat was 7.3 mmol/L (131 mg/dL)
9 hours after glucose administration; the fasting glu-
cose concentration of this cat was 7.8 mmol/L
(140 mg/dL). All 4 diabetic cats in remission that
had impaired fasting glucose concentration
(>6.5 mmol/L; >117 mg/dL) also had mildly
(4 hours, n = 1), moderately (5 hours, n = 2), or
severely (≥6 hours, n = 1) impaired glucose tolerance.
Although the majority of cats in remission had
impaired glucose tolerance, administration of 1 g/kg
glucose IV did not cause persistent exacerbation of
hyperglycemia. Blood glucose concentration was mea-
sured until a concentration ≤6.5 mmol/L (≤117 mg/
dL) was achieved or until 9 hours after the start of
the test, and the last measured glucose concentration
was lower than the fasting concentration in the
majority of cats (19/28 control cats and 16/21 remis-
sion cats).

Glucose Variables as Predictors of Relapse

Twenty of the 21 diabetic cats in remission were
monitored for relapse for at least 9 months (270 days)
after baseline testing; of these, 6 (30%) relapsed and
required insulin. One cat died of other causes without
relapse 253 days after testing and was excluded from
analysis of potential predictors of relapse by 9 months
after testing. For the 6 cats that relapsed, the median
time from remission to relapse was 139 days (range,
71–515 days) and the median time from baseline test-
ing to relapse was 81 days (range, 50–257 days). The
remaining 14 cats were monitored for relapse from
baseline testing for a median of 614 days (range, 253–
1,079 days). Median time from remission to baseline
testing for relapsing cats was 48 days (range, 12–
258 days) and for nonrelapsing cats was 179 days
(range, 10–1,469 days).

There was evidence that fasting glucose concentra-
tion was predictive of relapse (P = .064 and .018 for
cut-points 6.5 [117 mg/dL] and 7.5 mmol/L [135 mg/
dL], respectively; Table 2). Estimated probabilities of
relapse were 0.79 (95% CI, 0.29–1.00) and 0.18 (95%
CI, 0.04–0.43) for cats ≥ and <7.5 mmol/L (135 mg/
dL), respectively. Among the 6 cats that relapsed,
times to relapse did not differ significantly between
those with fasting blood glucose ≥7.5 mmol/L
(135 mg/dL; n = 3; median, 58 days; range, 50–
103 days) and those with lower fasting glucose concen-
trations (n = 3; median, 230 days; range, 58–257 days;
P = .211).

Neither of the screening blood glucose concentration
cut-points assessed (>6.5 mmol/L or 117 mg/dL and
>9.2 mmol/L or 166 mg/dL) was significantly predic-
tive of relapse. Five of the 9 cats with initial screening
blood glucose concentrations >6.5 mmol (117 mg/dL)
were retested 3–4 hours later, and 4 had a second
screening blood glucose concentration ≤6.5 mmol/L
(≤117 mg/dL). Fasting blood glucose concentrations
also were normal, and none relapsed. In contrast, the
fifth cat’s blood glucose concentration on retesting was
still >6.5 mmol (117 mg/dL), its fasting blood glucose
concentration also was abnormally high, and it
relapsed.

Three-hour glucose concentration >14.0 mmol/L
(252 mg/dL) was predictive of relapse (P = .040). Esti-
mated probabilities of relapse were 0.67 (95% CI,
0.22–0.96) and 0.14 (95% CI, 0.02–0.43) for cats > and
≤ to 14.0 mmol/L (252 mg/dL), respectively. Time
until glucose concentration decreased to 6.5 mmol/L
(117 mg/dL) was predictive of relapse (Table 2). Cats
with moderate to severely impaired glucose tolerance
(5 hours or more to return to ≤6.5 mmol/L or
≤117 mg/dL) had 15.2 times higher unadjusted odds of
relapsing (P = .019) than cats with a shorter time to
return to baseline after a glucose challenge.

The combination of fasting glucose concentration
(cut-point 7.5 mmol/L; 135 mg/dL) and 3 hours glu-
cose concentration (cut-point 14.0 mmol/L or 252 mg/
dL) also was assessed. Odds ratios for relapse were 8.3
(95% CI, 0.9 to infinity; P = .057) for cats with fasting
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Fig 1. Blood glucose concentrations after a glucose challenge

(1 g/kg i.v.) in 21 cats in diabetic remission. Most of these cats

(16/21; 76%) had impaired glucose tolerance (glucose concentra-

tion >117 mg/dL [6.5 mmol/L] at 3 hours). Solid line = relapsed,

dots = did not relapse.
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Table 2. Unadjusted (ie, univariable) odds ratios for potential predictors of relapse by 9 months after baseline
testing in diabetic cats in remission (n = 20, of which 6 cats relapsed).

Potential Predictor

and Cut-point Basis for Cut-point No. Cats

% (no.) that

Relapsed

Odds Ratioa

(95% CI) P-Value

Fasting glucose

>6.5 mmol/L Reeve-Johnson, unpublished 4 75% (3) 10.9 (0.9–364.4) .064

≤6.5 mmol/L 16 19% (3) Reference category

Fasting glucose

≥7.5 mmol/Lb Higher cut-point selected post hoc 3 100% (3) 12.8 (1.7 to infinity) .018

<7.5 mmol/L 17 18% (3) Reference category

Screening blood glucose

>6.5 mmol/L Upper limit of reference interval 9 33% (3) 1.3 (0.2–10.3) .791

≤6.5 mmol/L 11 27 (3) Reference category

Screening blood glucose

>9.2 mmol/L Reeve-Johnson, unpublished 2 50% (1) 2.5 (0.1–108.6) .600

≤9.2 mmol/L 18 28% (5) Reference category

2-h glucose

>16.4 mmol/L Upper limit of reference interval 14 36% (5) 2.7 (0.3–78.5) .465

≤16.4 mmol/L 6 17% (1) Reference category

2-h glucose

>18.0 Higher cut-point selected post hoc 13 38% (5) 3.5 (0.4–103.1) .321

≤18.0 7 14% (1) Reference category

3-h glucosec

>7.3 mmol/L Upper limit of reference interval 13 38% (5) 3.5 (0.4–103.1) .321

≤7.3 mmol/L 7 14% (1) Reference category

3-h glucosec

>14.0 mmol/L Higher cut-point selected post hoc 6 67% (4) 10.1 (1.1–130.9) .040

≤14.0 mmol/L 14 14% (2) Reference category

Time until glucose ≤6.5 mmol/Ld

>3 hours Cut-point established from control cats 15 40% (6) 3.8 (0.6–infinity) .129

≤3 hours 5 0% (0) Reference category

Time until glucose ≤6.5 mmol/Ld

≥5 hourse Higher cut-point selected post hoc 8 63% (5) 15.2 (1.5–469.8) .019

<5 hours 12 8% (1) Reference category

Fructosamine

>321 lmol/L Upper limit of reference interval 4 50% (2) 2.8 (0.2–35.2) .404

≤321 mmol/L 16 25% (4) Reference category

Concurrent diseasef

Present 8 38% (3) 1.7 (0.2–14.0) .592

Absent 12 25% (3) Reference category

Corticosteroids

Treated 2 100% (2) 6.5 (0.7 to infinity) .079

Not-treated 18 22% (4) Reference category

fPLIg

>4.45 lg/L Upper limit of reference interval 5 40% (2) 2.2 (0.2–30.5) .550

≤4.45 lg/L 9 22% (2) Reference category

fPLIg

>5.4 lg/L Higher cut-point selected post hoc 3 33% (1) 1.3 (0.0–23.5) .846

≤5.4 lg/L 11 27% (3) Reference category

Age at diabetes diagnosis

>11 years Cut-point selected post hoc 9 33% (3) 1.3 (0.2–10.3) .791

≤11 years 11 27% (3) Reference category

Age at remission

>12 years Cut-point selected post hoc 9 33% (3) 1.3 (0.2–10.3) .791

≤12 years 11 27% (3) Reference category

Age at baseline testing

>12 years Cut-point selected post hoc 9 22% (2) 0.5 (0.1–3.9) .545

≤12 years 11 36% (4) Reference category

aUnadjusted (ie, univariable) odds ratio for relapse, relative to cats not exposed to the potential predictor. For example, the estimated

odds of relapse were 10.9 times higher in cats with fasting glucose concentration >6.5 mmol/L relative to cats with lower fasting glucose

concentrations.
bFor fasting glucose of ≥7.5 mmol/L (≥135 mg/dL), sensitivity for relapse was 50% (3/6), specificity 100% (14/14), positive predictive

value 100% (3/3), and negative predictive value 82% (14/17).
cGlucose concentration at 3 hours was assumed to be 6.5 mmol/L or less if the 2 hours concentration was 6.5 mmol/L or less.
dTime from glucose administration until blood glucose concentration ≤117 mg/dL (≤6.5 mmol/L) was observed.
eFor 5 hours or more return to <6.5 mmol/L (<117 mg/dL) in a glucose tolerance test, sensitivity for relapse was 83% (5/6), specificity

79% (11/14), positive predictive value 63% (5/8), and negative predictive value 92% (11/12).
fConcurrent disease at baseline testing; 4 cats had renal disease (one of which also had hyperthyroidism), 2 cats had asthma, 1 cat had

vomiting and weight loss, and 1 cat had lymphosarcoma and fibrosarcoma.
gFeline pancreatic lipase immunoreactivity; not measured for 6 cats, of which 2 relapsed.
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glucose concentration >7.5 mmol/L (135 mg/dL; odds
ratio adjusted for 3 hours glucose) and 9.6 (95% CI,
0.5–378.6; P = .127) for 3 hours glucose >14 mmol/L
(odds ratio adjusted for fasting glucose) compared to
cats with lower glucose concentrations. Estimated
probabilities of relapse were 0.88 (95% CI, 0.41–1.00)
for cats with glucose concentrations > cut-points for
both variables, and 0.08 (95% CI, 0.00–0.36) for cats
with blood glucose ≤ to both cut-points. Importantly,
no cat with both normal fasting glucose concentration
and normal glucose tolerance (n = 5) relapsed; these 5
cats were monitored for a median of 527 days (range,
225–1,079 days) after baseline testing.

Serum Fructosamine Concentration

Serum fructosamine concentration was significantly
higher in remission cats than in control cats
(272 lmol/L versus 246 lmol/L; P = .028), but all
remission and control cats had serum fructosamine
concentrations within the reference range provided by
the testing laboratory at the time of testing
(<400 lmol/L), including those remission cats with
increased fasting blood glucose concentration. Serum
fructosamine concentration was not significantly pre-
dictive of relapse (Table 2).

Other Underlying Disease and Corticosteroid Use

Four of the 6 (66%) cats that relapsed had identifi-
able underlying medical causes: severe pancreatitis
(fPLI > 50 lg/L) and intestinal disease, spinal disease
and other concomitant diseases, infiltrative intestinal
disease, and acromegaly diagnosed within 4 months of
relapse. In 2 of these cats, corticosteroids were used to
palliate clinical signs, and both were euthanized because
of their underlying disease (spinal disease and other
concomitant diseases, and infiltrative intestinal disease,
respectively). Corticosteroids also had been adminis-
tered shortly before initial diagnosis of diabetes in 1 of
these cats. Concurrent disease (P = .706) and cortico-
steroid treatment (P = .079) were not significantly asso-
ciated with relapse in this study. Of the 14 cats that did
not relapse, 5 (36%) had identifiable underlying disease:
asthma (2 cats), International Renal Interest Society
(IRIS) stage II or III renal diseaseg (2 cats) and IRIS
stage I renal disease and hyperthyroidism (1 cat).

fPLI and Pancreatitis

Increased fPLi at the time of testing was not signifi-
cantly associated with relapse (Table 1). One-third of
cats (6/18) had fPLI above the laboratory’s reference
range upper limit of 3.5 lg/L (median, 3.5; range 1.0–
16.0), and 17% (3/18) were above the laboratory’s sug-
gested cut-point for diagnosis of pancreatitis (5.4 lg/L).
None of these cats had clinical signs suggestive of pan-
creatitis. Two cats in the range consistent with pancre-
atitis had normal fasting blood glucose concentration,
and normal or impaired glucose tolerance at the time
of testing.

One cat (an 11-year-old female spayed Siamese) with
diabetes diagnosed 2 weeks after a depot corticosteroid
(methylprednisolone acetate) injection for pruritus, had
a clinical history and laboratory test results
(fPLI > 50 lg/L) consistent with classification as
“other specific type” of diabetes secondary to pancrea-
titis. Diabetic remission was achieved within 2 months
of starting insulin treatment, and the cat had had nor-
mal results for fasting glucose concentration, glucose
tolerance, and fPLI at baseline testing after 3 months
in remission, and the cat did not relapse during the
study.

Age

Age when diabetes was diagnosed, age when cats
went into remission, and age at the time of glucose tol-
erance testing were not significant predictors of relapse
(Table 2).

Age (≤ or > 11 years old) when diabetes was diag-
nosed was not a significant predictor of relapse
(P = .791). The same result was obtained for age (≤ or
>12 years old) when cats went into remission
(P = .791). Age at baseline testing (≤ or >12 years old)
also was not a significant predictor of relapse
(P = .545).

Follow-up Testing

Six cats were retested once (4 cats) or twice (2 cats)
3–6 months after their baseline testing; all had normal
fasting glucose concentrations (results not shown).
Glucose tolerance status improved in 1 cat, deterio-
rated in another cat, and remained stable in 4 cats.
The cat with deteriorating glucose tolerance (return to
baseline increased from 4 to 7 hours) was eventually
euthanized for concomitant disease but did not relapse
within 12 months after this retesting. One cat’s glucose
intolerance improved without weight loss or change in
body condition (BCS 5/9, 4.3 kg). Diabetes initially
was diagnosed after systemic corticosteroid treatment
for asthma. No further steroid treatment was given,
and the cat was tested 3 and 6 months after remission.
After the first test, diet was changed from commercial
dry food supplemented with raw meat to a veterinary
prescription dieth for diabetes. Just prior to publica-
tion, a 7th cat relapsed 31 months after initial testing
(considered nonrelapsing cat in statistical analysis). On
initial testing, fasting glucose concentration was nor-
mal, and glucose tolerance was mildly impaired (4
hours to return to normal, glucose concentration at 3
hours 12.2 mmol/L; 220 mg/dL).

Discussion

There are 2 important findings from this study.
First, many diabetic cats in remission have impaired
glucose tolerance, with or without impaired fasting
glucose concentration. Second, the severity of impaired
fasting glucose concentration and impaired glucose tol-
erance, determined by an IV glucose tolerance test, can
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help predict those cats at greatest risk of relapse. Of
cats relapsing, those with worse impairment of fasting
glucose concentration or glucose tolerance were at
greater risk of relapse than those with normal or
mildly impaired fasting glucose concentration or glu-
cose intolerance. In fact, cats with fasting glucose con-
centrations ≥7.5 mmol/L (≥135 mg/dL) had nearly 13
times higher odds of relapsing than cats with lower
fasting glucose concentrations. Similarly, cats that
took ≥5 hours to return to baseline during a glucose
tolerance test had 15 times higher odds of relapsing
than cats that returned to baseline sooner. Cats had an
88% probability of relapsing within 9 months of test-
ing if both fasting glucose concentration was
≥7.5 mmol/L (≥135 mg/dL) and glucose concentration
at 3 hours in a glucose tolerance test (1 g/kg) was
>14 mmol/L (>252 mg/dL). Conversely, no cat with
both normal fasting glucose concentration and normal
glucose tolerance relapsed within a median of 527 days
after testing. Cats with corticosteriod administration
associated with severe illness during remission had
nearly 7 times higher odds of relapse. This is finding
consistent with previous reports that corticosteroid
administration is a risk factor for feline diabetes.6

With a future study involving a larger population of
cats, it is possible that less severely impaired fasting
glucose concentration or glucose in tolerance would
also be associated with relapse, and these findings
should not be ignored by clinicians.

Humans with impaired glucose tolerance and
impaired fasting glucose concentration are considered
prediabetic and are at increased risk of diabetes.8 At
least 60% of patients who develop diabetes have either
impaired glucose tolerance or impaired fasting glucose
concentration identified in the previous 5 years.
Patients with impaired glucose tolerance become dia-
betic at a rate of 5–10% per year, with approximately
one-third becoming diabetic within 2–5 years.8 In our
study, 38% of cats with impaired glucose tolerance
and 75% with impaired fasting glucose concentration
relapsed within a year of testing, suggesting that dia-
betic cats in remission with abnormal glucose test
results also should be considered prediabetic. Impor-
tantly, no cat with both normal fasting glucose con-
centration and normal glucose tolerance relapsed
(followed up for between 17 and 37 months from the
date of testing); only cats with abnormalities in fasting
glucose concentration or glucose tolerance relapsed
(time to relapse, 2–31 months from testing). Additional
research is required to determine if glucose concentra-
tions found to be predictors of relapse also are predic-
tors for development of diabetes in at-risk cats, such
as aged obese or Burmese cats.

The relapse incidence of 30% in our study is consis-
tent with previous reports of 26–29%.6,7 Our findings
suggest that serial monitoring of cats in diabetic remis-
sion is warranted to detect deterioration of glucose tol-
erance and impending relapse. Glucose tolerance
should be evaluated 1–2 months after remission, and if
normal, repeated annually. If abnormal, we recom-
mend blood glucose concentration be monitored regu-

larly to identify the onset of impaired fasting glucose
concentration, because this finding is associated with
increased probability of relapse. Future studies are
warranted to determine if more intensive intervention
for cats in remission with impaired glucose tolerance
or impaired fasting glucose concentration is indicated.
Treatments that could be investigated for delay or pre-
vention of relapse in high-risk cats include intermittent
low-dose insulin treatment, sensitizing drugs such as
metformin or darglitazone, or Glucagon-like Peptide-1
agonist.

Screening Blood Glucose Concentration

Blood glucose concentration measured during a vet-
erinary consultation rarely represents a fasting sample
in cats because of their long postprandial period.14 It
may also be affected by stress before or during blood
sampling, and the resultant hyperglycemia can take
≥3 hours to resolve.9 The upper limit of the reference
interval for screening blood glucose concentration
(measured on entry to the clinic and any time after eat-
ing) in geriatric cats with ideal body condition is
9.2 mmol/L (166 mg/dL) when measured with a porta-
ble glucose meter calibrated for cat blood.c In our
cohort of cats, screening blood glucose concentration
was not useful for predicting diabetic relapse, probably
because of the impact on screening blood glucose con-
centration of eating, and of stress associated with travel
and admission to the veterinary clinic. However, cats
with an initial screening glucose concentration
>6.5 mmol/L (118 mg/dL) that were normal when
retested 3–4 hours later did not relapse. In contrast, 1
cat with a screening glucose concentration >8 mmol/L
(128 mg/dL) on initial and subsequent testing, and with
a similar fasting glucose concentration, relapsed within
2 months. This suggests that retesting 3–4 hours later
removes some of the variability affecting screening
blood glucose concentration, presumably stress, and
may be more predictive of relapse. Clinicians should
not dismiss increased screening blood glucose concen-
tration as stress associated, but should retest 3–4 hours
later, because based on this small cohort, 20% of cats
in diabetic remission may be persistently hyperglycemic
and at increased risk of relapse. The value of detecting
prediabetes in cats by measuring screening blood glu-
cose concentration and remeasuring 3–4 hours later in
cats with blood glucose >6.5 mmol/L (117 mmol/L)
also could be investigated in cats at risk of developing
diabetes, for example obese cats >8 years of age.

Serum Fructosamine Concentration

Serum fructosamine concentration can be useful in
diagnosing diabetes when a single blood glucose mea-
surement is not definitive, particularly when the mea-
sured concentration is suspected of being affected by
stress. However, up to 9% of untreated diabetic cats
have false negative results,10 and in our study, serum
fructosamine concentration was not useful for predict-
ing relapse. This observation is consistent with the
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finding that 6 weeks of moderate hyperglycemia
(mean, 17 mmol/L or 306 mg/dL) did not consistently
increase serum fructosamine concentration above
400 lmol/L in healthy cats.15

Other Types of Diabetes

The majority of diabetic cats are assumed to have
type 2 diabetes based on the clinical characteristics of
their disease.16 Cats with different types of diabetes
may have different patterns of glucose tolerance in
remission, and these cats may require different man-
agement strategies to prevent diabetic relapse. For
example, in this study, only 23% of cats in remission
had normal glucose tolerance, and 1 of these had a
history of diabetes developing at the time of acute
pancreatitis combined with corticosteroid administra-
tion, suggesting that the underlying beta cell dysfunc-
tion causing diabetes was associated with pancreatitis
exacerbated by corticosteroid administration. This
would be classified as “other specific type” of diabetes
rather than type 2 diabetes. Acromegaly was diagnosed
in 1 cat after relapse, and it is unclear if diabetes in
this cat should initially have been classified as “other
specific type” of diabetes. A small minority of diabetic
cats with acromegaly are not clinically insulin resis-
tant17 and occasionally achieve remission (S. Neissen,
personal communication). Additional research is
needed to determine the importance of these underly-
ing causes of diabetes in cats in terms of prognosis
and management of cats in remission.

Limitations

The major limitation of this study was small sample
size, which limited the ability of the study to detect
variables associated with relapse. However, sample size
calculations indicated that the number of cats required
to ensure that a future study would have a high proba-
bility of detecting associations between these same
variables but with more stringent cut-points was not
practical, because this would have involved recruiting
between 117 and 614 cats in remission. Although there
were more Burmese cats among the cats in remission
than in the control group, the upper cut-points for
normal fasting glucose concentration and glucose tol-
erance are not different from those of non-Burmese
cats,c and therefore Burmese cats were not excluded
from the control group. Of note, if different dosages of
glucose are used for the glucose tolerance test, different
time and glucose concentration cut-points would need
to be established. At 1 g/kg of glucose, 2-hour blood
glucose concentration was not a useful predictor of
relapse, whereas measurement at 3 hour was signifi-
cantly associated with relapse.

Conclusions

In conclusion, most cats in diabetic remission have
impaired glucose tolerance and a minority have

impaired fasting glucose concentration. Cats with both
normal fasting glucose concentration and normal glu-
cose tolerance are at low risk of relapse. In contrast,
cats with fasting glucose concentrations ≥7.5 mmol/L
(≥135 mg/dL) have 13 times higher odds of relapsing
than cats with lower fasting glucose concentrations.
Similarly, cats with a 3 hour glucose concentration
>14.0 mmol/L (252 mg/dL) in a glucose tolerance test
at 1 g/kg have 10 times higher odds of relapsing than
cats with lower concentrations. Cats with concentra-
tions above these fasting and glucose tolerance test
cut-points have an 88% probability of relapsing within
9 months of testing. Therefore, continued monitoring
and management are warranted to decrease the risk of
relapse. Corticosteroid administration should be
avoided in all cats in remission, and especially in those
with increased fasting glucose concentrations or
impaired glucose tolerance. Additional studies are
required to determine if the variables significantly asso-
ciated with increased odds of relapse in diabetic cats in
remission are also predictors of diabetes in other high
risk groups such as aged, obese and Burmese cats.

Footnotes
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