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Abstract

Background: Remission is documented in a substantial proportion of cats with diabe-
tes. The effects of diabetes mellitus (DM) on the lives of cats and their owners should
be considered when evaluating treatment success.

Objectives: To study outcome in cats with DM and the impact DM has on the life sit-
uation of cat and owner.

Animals: Domestic and pedigree cats with a diagnosis of DM (n = 477) insured by a
Swedish insurance company during 2009 to 2013.

Methods: Retrospective cross-sectional study. A questionnaire was sent to 1369
owners of cats diagnosed with DM. The questions concerned the cat, treatment,
owner perceptions of the disease and treatment and disease outcome. Data were
analyzed using multiple linear and logistic regression, with outcomes set as survival
for more than 4 weeks after diagnosis, survival time, achieving remission, remission
without relapse and quality of life (QoL) for the cat.

Results: The response rate was 35%, leaving 477 questionnaires for analysis. The
remission rate among treated cats was 29% (118/405). Feeding a commercially avail-
able wet diet was associated with both remission (OR 3.16, 95% confidence interval
1.27-8.12) and remission without relapse (OR 14.8, 95% confidence interval
2.25-153.8). Remission was associated with a better QoL for the cat.

Conclusions and Clinical Importance: The association between feeding a commer-
cially available wet diet and remission is important and strengthens the role of diet in
treatment of DM in cats. Linking remission and a better QoL for the cat emphasizes

remission as a goal in disease management.

KEYWORDS
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1 | INTRODUCTION

The quality of life of chronically sick animals and their owners is
attracting increased attention, and its importance for owners and clini-
cians is substantial.l” Diabetes mellitus (DM) is a common chronic

endocrine disease in cats.®2!! Caring for a diabetic cat entails
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potentially adversely effects on owners' and cats' lifestyle and quality
of life (QoL). Long time management of DM includes minimization of
clinical signs, and diabetic remission is documented in a substantial
proportion of cats.

Associations between treatment regimen and remission have
been investigated,’>?° but because of shortage of well-designed
studies no clear evidence of a superior treatment protocol exists.?!
Adjustments toward an ultralow carbohydrate diet are widely consid-
ered optimal for disease control,?2"2* although only a few veterinary
trials have compared low carbohydrate diets to others.'8-2°

Despite DM having a fairly good prognosis, it has been estimated
that 1 out of 10 owners choose euthanasia upon DM diagnosis® and
10% to 17% of cats are euthanized within a few weeks of diagnosis.2>?”
Alongside glycemic control, the psychological and social effects of DM
and its treatment on both owner and cat should be considered when
evaluating treatment success.? Owners' perceptions of disease manage-
ment and concern for the wellbeing of their diabetic cat might influence
their choice of treatment or euthanasia. These perceptions are thus cru-
cial for the owners' commitment to and care for the diabetic cat, and
hence common sources of owner distress need to be recognized by the
treating veterinarian for successful management of DM. Studies reveal
that feeling tied up and worrying about costs related to treatment are

1-3,28

commonly reported issues among owners of diabetic cats, whereas

initial concerns and negative impact associated with treatment seem to
decrease significantly with time.>%’

Answers from a questionnaire sent to owners of cats diagnosed
with DM were analyzed to investigate associations between treat-
ment regime and owners' perceptions of outcome, including QolL, for
the cat. The aim of this study was to study disease outcome in cats
diagnosed with DM and the impact DM has on the life situation of

the cat and its owner.

2 | MATERIALS AND METHODS

2.1 | Study sample and questionnaire
A questionnaire was sent to all owners of cats insured by Agria Pet
Insurance with a DM diagnosis during 2009 to 2013 (n = 1369). The
cats were identified based on 4 diagnostic codes (DM, DM without
complication, DM with complication and DM with ketoacidosis). The
cat owners were recruited to the study by e-mail with a web link to
the questionnaire.

The questionnaire was available during a 4-month period through
an online provider (Netigate) and consisted of 46 questions. Some of
the results—those relating to environmental risk factors for DM in

d.%° The answers to 37 questions were ana-

cats—have been publishe
lyzed in the present study. To confirm case status, all respondents had
to give a positive answer to the question “Has your cat ever been
diagnosed with diabetes? The diagnosis must have been made by a
veterinarian. Diabetes means that the cat’s blood sugar is elevated for
a longer period of time.” To confirm cases of diabetic remission, the

respondents had to give a positive answer to the question “Has your
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cat recovered from its diabetes? Recovery meaning a normalized
blood sugar and the cat no longer needing medication (insulin or oral
tablets).” For a summary of the questions, see Table 1. For detailed

information about the questions, see Appendix S1.

2.2 | Data analysis

In the case of missing answers for any of the variables of interest, the
cat was excluded. In the case of conflicting answers, the respondent
was contacted if possible and the answers were then corrected or
excluded accordingly. See Table 1 for an overview of the questionnaire
and, where relevant, how the answers were grouped for data analysis.

As no specific dates were requested, the cat's age at diagnosis
and age at death were set to 1 January of each year. Initial survival
was defined as surviving for more than 4 weeks after diagnosis. Sur-
vival time was estimated as from 31 December of the year of diagno-
sis to 1 January of the year of the cat's death. For a cat that was
diagnosed in 2010 and died in 2012, the survival time was thus set to
a minimum of 1 year.

In the data analysis for all cats, outcomes were initial survival
(meaning surviving for more than 4 weeks after diagnosis) and a QoL
not negatively affected by DM. For cats still alive at 4 weeks after
diagnosis, disease outcome (survival time and achieving remission,
with or without diabetic relapse) was analyzed.

Data analysis was performed using R.3! For summary statistics, fre-
quency distribution (histogram) was used to check for normality. Mean
and SD (+) were used when normality was assumed, and median and
inter-quartile range (IQR) when this was not the case. The main out-
come variables were survival time, remission, and quality of life. Five dif-
ferent regression models were used, with outcomes set as initial survival
(more than 4 weeks after diagnosis), survival time, remission, remission
without relapse and quality of life for the cat not being negatively
affected by DM. Univariate logistic or linear regression were used for
selection of variables, including variables with P < .2 in further analysis.
To estimate and investigate the direction and strength of the associa-
tions, multiple logistic regression analysis and linear regression were
used. The final regression model was decided with a backwards elimina-
tion process combined with a lowered Akaike information criterion
(AIC), and variables with P > .05 were excluded. In the logistic regres-
sion, analysis odds ratio (OR) was calculated with a 95% confidence
interval (Cl). In linear regression analysis, a 95% Cl with a significance
level of 5% was used. Quantile-quantile plots (QQ-plots) were used to
assess the regression residuals for normality. Biologically plausible inter-
actions were included and possible confounders were controlled in each
regression model. Significant interactions were interpreted separately

and investigated using interaction plots.

3 | RESULTS

In total, 484/1369 (35%) complete questionnaires were received and

7 were excluded, leaving 477 questionnaires for analysis.
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TABLE 1
analysis (n = 477)

Questions
Cat characteristics and survival time
Breed
Year of birth
Sex
Confinement
Multicat household
Cat alive at time of survey?
If not alive, what year did your cat die?
Main reason for death/euthanasia

If disease, what kind of disease?
Cat health through life (before diabetes diagnosis)

If often sick/recurrent problems/chronic disease, what systems were
affected??

Vaccination status

Treatment with progestins or corticosteroids the year before diabetes
diagnosis

Body condition score of your cat the year before diabetes diagnosis’
Owner and household

Year of birth

Sex

Number of adults in household

Children <18 years old in household

Place of residence
Diabetes diagnosis, initial survival and treatment

What year did your cat contract diabetes? (When clinical signs were
first seen or, if no clinical signs, when your cat received its diagnosis)

What happened to your cat after diagnosis?

Reasons for euthanasia®

What treatment did your cat receive?®

Change of diet upon diabetes diagnosis

What diet has your cat predominantly eaten since diagnosis?

(“predominantly” meaning 275% of one diet; if approximately 50% of

two diets, two alternatives could be chosen)®

Did you practice blood glucose monitoring at home?
Remission

Has your cat “recovered” from diabetes? (meaning a normal blood
glucose without insulin treatment)

If Yes or Yes with relapse: Time from diagnosis until “recovery”

Overview of the questions asked to owners of diabetic cats and the answer options, including answer grouping for data

Answer options and grouping of answers for data analysis (all questions
included an “Other/Decline to answer” alternative and a free text section)

Domestic, Burmese, Norwegian Forest Cat, Exotic/Persian, Other pedigree®
For example, 2002

Male, Neutered male, Female, Neutered female

Indoor, Outdoor®

Yes, No®©

Yes, No

For example, 2006

Trauma/accident, Age, Disease

Airways, Circulatory system, Diabetes or other endocrine, Gastrointestinal,
Oral cavity, Orthopedic or neurological, Tumor, Urinary system

Never/rarely sick or hurt, Occasionally sick or hurt, Often sick/recurrent
problems/chronic disease

Airways, Circulatory system, Endocrine, Gastrointestinal, Infectious, Oral
cavity, Orthopedic or neurological, Reproductive, Skin, Tumor, Urinary
system

Yearly doses, Every other year, Occasionally, As a kitten, Not vaccinated

Yes, corticosteroids, Yes, progestins, No®

1-5

Decade of birth, for example, 1960-69

Male, Female

1, 2, 3 or more

Yes, No

City (>200 000 inhabitants), Town (200-200 000 inhabitants), Countryside

For example, 2013

Euthanized/died within 4 weeks, Survived for more than 4 weeks

The cat did not survive despite initiated treatment, Presence of other
diseases, The treatment did not work, Treatment was too difficult for
me/my family, Wanted to limit the suffering for the cat, The treatment
was too expensive, The cat did not receive any treatment, Experienced
poor support from veterinarian

Insuling, Dietary adjustments, Hypoglycemic tablets (eg, glipizide), Admitted
to hospital for care, No particular treatment

Yes, Yes, partly, No

Veterinary diabetes prescription dry diet (eg, Hill's m/d, Purina DM, Royal
Canin Diabetic), Veterinary diabetes prescription wet diet (eg, Hill's m/d,
Purina DM, Royal Canin Diabetic), Veterinary weight loss/obesity
prescription diet (eg, Hills r/d or w/d), Commercially available wet food"

Yes, with blood samples, Yes, with urine sticks, No

Yes, Yes, with relapsei, No

0-3 months, 4-6 months, 7-12 months, 1 year or longer
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TABLE 1 (Continued)

Answer options and grouping of answers for data analysis (all questions

Questions included an “Other/Decline to answer” alternative and a free text section)

Owner perceptions

Worried about the cat's medication, Worried about complications (eg,
hypoglycemia), Difficult to administer insulin, Difficult to perform blood
sampling, Worried about hurting the cat during medication or blood
sampling, Perceiving limitations in life due to cat's diabetes (eg, difficulties
traveling), Worried about limitations to the cat's life due to diabetes,
Worried about costs, Experienced expectations from others to start
treatment, Experienced expectations from others to euthanize, | have not
been affected by my cat's diabetes diagnosis

How were you affected by having a cat with diabetes??

My cat is everything to me, My cat means a lot to me, My cat is quite
important to me, My cat is not that important to me

Describe your attitude to your cat

Did you experience any conflicts in your family regarding the care of Yes, often, Yes, sometimes, No, we agree, No, | make the decisions myself

your cat?

| have developed a stronger bond with my cat, My cat has developed a
stronger bond with me, Relationship as before, | have developed a
weaker bond with my cat, My cat has developed a weaker bond with me

How was the relationship with your cat affected by diabetes?

Quality of life (QoL)

How has the QoL of your cat been affected by diabetes, in general,
compared to before the cat got sick?

Better, no change/as before, worse'

Assessment of QoL of your cat at time of survey/last time alive Excellent, good, less good, bad

2<8 individuals per breed: Abyssinian, Bengal, Birman, British Shorthair, Cornish Rex, Devon Rex, European Shorthair, Maine Coon, Ocicat, Oriental
Shorthair, Ragdoll, Russian Blue, Siamese, Siberian incl. Neva Masquerade, Somali, Sphynx, Other pedigree; mixed breed cats were grouped as

domestic cats.

BIndoor = Indoor only, Indoor with access to balcony/play pen/leash walks. Outdoor = Indoor with access to outdoors for part of the year, Outdoor and
indoor, Outdoor only.

“Yes = Two to three cats, Four to eight cats, Nine or more cats.

dMultiple answers possible.

®Yes, corticosteroids = per oral tablets or injection. Yes, progestins = per oral tablets or injection.

fAssessment template of BCS provided.

Elnsulin = insulin injection once and/or twice day.

POther = diets or combinations of diets representing the choice of fewer than 15 (5%) owners, including commercially available dry food and Low
carbohydrate dry.

iDichotomized before logistic regression analysis: Better compared to before the disease or No change/as before = Positively affected/unaffected QoL,
Worse compared to before the disease = Negatively affected QoL.

3.1 | Catsand owners practiced home blood glucose monitoring, 44 (12%) measured urine

glucose and 23 (6%) practiced both, while 112 (31%) did not monitor

Mean cat age at diagnosis was 10.7 years (+3.1). Almost 100% of the cats
were neutered (99.9%), of which 71% were males and 29% were females,
and most cats were not pedigrees (77%). For general information on the
cats, see Table 2. The majority of the cats (333/477, 70%) were not alive
at the time when their owners answered the questionnaire.

The majority (85%) of the cat owners responding were females, and
the owners' median age at cat diagnosis was 46 to 55 years (range
16-90 years).

3.2 | Treatment

Of the 477 cats, 405 were alive 4 weeks after diagnosis. For general
information on treatment and disease outcome, see Table 2. Dietary
adjustments were made for 93% of the cats and 89% were treated

with insulin. Among the owners of cats receiving insulin, 181 (50%)

blood or urine glucose. Of the 27 cats (7%) that received oral hypogly-
cemics, 26 also had dietary adjustments. Nine of the cats treated with
oral hypoglycemic agents also received insulin at some point.

The most commonly fed diet was dry veterinary prescription diet
for treatment of DM (253/405, 62%), either as a predominant diet or
combined with other diets (see Table 2). Of the 405 cats, 11% were
predominantly fed a CA wet diet, generally meaning a low carbohy-

drate diet (as obtained from free text answers).

3.3 | Owners' perceptions and cat-human
relationship

Worries and difficulties associated with treatment of the diabetic cat
are described in Table 3. The most frequently reported concern was

limits to daily life, for example, difficulties traveling and finding a cat
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possible)
Remission

All treated cats Relapse No relapse No remission

(n = 405) All (n = 118) (n = 45) (n=173) (n = 287)
Owner feeling limited 208 (51%) 55 (47%) 24 (53%) 31 (42%) 153 (53%)
Worry about complications 182 (45%) 41 (35%) 17 (38%) 24 (33%) 141 (49%)
Worry about cat's medication 117 (29%) 27 (23%) 10 (22%) 17 (23%) 90 (31%)
Difficulty measuring blood glucose 84 (21%) 25 (21%) 7 (16%) 18 (25%) 59 (21%)
Worry about costs 61 (15%) 17 (14%) 7 (16%) 10 (14%) 44 (15%)
Worry about limits to cat's life 54 (13%) 4 (3%) 3(7%) 1(1%) 0 (17%)
Worry about hurting the cat 40 (10%) 12 (10%) 6 (13%) 6 (8%) 28 (10%)
Difficulty injecting insulin 25 (6%) 8 (7%) 2 (4%) 6 (8%) 7 (6%)
No perceived worries or difficulties 79 (20%) 32 (27%) 8 (18%) 24 (33%) 47 (16%)

e unchanged. Only 1% (5/477) of owners said the relationship had been
(n=477) worsened.
[ ! 1
Slvival-ites Suvival <1 jasshs 3.4 | Outcomes for cats with diabetes mellitus
(n = 405) (n=72) . .
diagnosis
| = 1
Remission No remission 341 | Survival for more than 4 weeks
(n=118) (n=287)

[ I . Of the 477 cats, 405 (85%) were still alive 4 weeks or more after diag-
Relapse No relapse nosis, whereas 72/477 (15%) had been euthanized—see Figure 1. The
(n =45) (n=73) most common reason for euthanasia was that the owners did not

want their cats to suffer (53%) or that the prognosis was poor (32%).
FIGURE 1 Overview of different outcomes for the studied Other reasons for euthanasia were concurrent disease (21%), treat-

population of cats with diabetes mellitus (n = 477)

sitter. Worrying about complications involving treatment or DM itself
(eg, hypoglycemia) was most common among owners of cats that had
not achieved remission, as were concerns about DM entailing limits to
the cat's daily life. Only 1% of owners of cats in remission without
relapse expressed concern about DM limiting their cat's life. Owners
of cats in remission without relapse were less worried than owners of
cats with relapse or cats that had not achieved remission.

Of the 84 owners experiencing difficulties measuring blood glu-
cose, 29 did not perform HBGM.

Of all owners, 54% (258/477) answered that their cat meant a lot
to them, 41% (197/477) said that their cat was everything to them,
and 3% (15/477) deemed the cat to be “quite important.” There were
no associations between owners' attitudes toward their cats and the
5 different outcomes analyzed using univariable logistic regression
analysis.

More than half of the owners (58%, 277/477) said that their rela-
tionship with their cat had been strengthened after the DM diagnosis,
while about a third (38%, 180/477) deemed the relationship to be

ment being too difficult (13%) or poor support from the veterinar-
ian (4%).

In the multiple logistic regression model, factors remaining signifi-
cant for surviving for more than 4 weeks were cat age at diagnosis,
owner experiencing limitations in their lifestyle, expectations from
others to euthanize the cat, owner worrying about costs and the
effect of DM on the cat's QoL, alongside 2 interactions: cat age at
diagnosis and worrying about costs, and cat age at diagnosis and
expectation to euthanize—see Table 4.

For every additional year of the cat's age at diagnosis, the odds of
surviving for more than 4 weeks decreased by 0.13. If the owner
experienced expectations from others to euthanize the cat, the odds
of surviving for more than 4 weeks decreased by a third (OR 0.33)
with every year. This negative effect of expectations of euthanasia on
initial survival was most pronounced in cats over approximately
15 years of age. In cats whose owners were worried about costs
related to the cat's DM, the odds of surviving were lower in younger
cats and were most pronounced in cats younger than approximately
10 years, and the odds of initial survival increased with every addi-
tional year of the cat's age (OR 1.52).

Surviving for more than 4 weeks was positively associated with

owners experiencing lifestyle limitations, owner worries about
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Outcome and variables OR
Survival for more than 4 weeks

Worries about limitations in owner's life vs no limitations 13.6
in owner's life

Worries about complications vs no worries about 3.00
complications

QoL better or same as before vs QoL worse 23.8
Cat age
When worrying about costs 1.52
When experiencing expectation to euthanize 0.33
When no worries about costs or not experiencing -0.14
expectations to euthanize
Remission
CA wet diet vs veterinary prescription DM diet wet 3.16
and/or dry
Breed: Norwegian Forest Cat vs domestic cat 2.92
QoL better or same as before vs QoL worse 5.25
Remission without relapse
CA wet diet vs veterinary prescription DM diet wet 14.8
and/or dry
QoL better or same as before vs QoL worse 314
QoL better or same
Insulin treatment vs no insulin treatment 5.6
Remission without relapse vs no remission 53.9
Worries about medication vs no worries about medication 0.31
Worries about limitations in cat's life vs no worries about 0.07

limitations

TABLE 4 Multiple logistic regression

Cl 95% (OR) P A . .
analysis of factors associated with
different outcomes in cats with diabetes

4.85 45.7 <.001 mellitus (n = 477)
1.33 711 .01
8.16 89.5 <.001
0.98 2.3 .05
0.11 0.64 .01
0.76 0.99 .04
1.27 8.12 .01
1.27 6.76 .01
2.86 10.3 <.001
2.25 153.8 .01
51 646 .002
2.4 14 <.001

10.6 994.6 <.001

0.17 0.54 <.001
0.03 0.16 <.001

Abbreviations: CA, commercially available; Cl, confidence interval; OR, odds ratio; QoL, quality of life.

complications (eg, hypoglycemia) and the cat's QoL not being nega-
tively affected by DM.

3.4.2 | Survival time

Almost two thirds of the cats (299/477, 63%) survived for more than
1 year after diagnosis, 118 (25%) survived for more than 3 years,
47 (10%) survived for more than 5 years and 7 (1.4%) survived for
more than 8 years. The median survival time for cats that survived the
initial 4 weeks after diagnosis but were dead at time of the question-
naire (n = 261) was 1 year (IQR 3, 0-14 years), and for cats that were
alive at the time of the questionnaire (n = 144) the median survival
time was 2 years (IQR 2).

Factors remaining significant for survival time in the final linear
regression model were insulin treatment, the cat's QoL and the
owner's worries about medication—see Table 5. One interaction
remained, between cat age at diagnosis and insulin.

In cats that were treated with insulin (n = 360), survival time was
longest in young cats, and declined by 0.25 years for every additional
year of the cat's age at diagnosis. In cats that did not receive insulin

(n = 45), the effect of age on survival time was not significant (P = .77).

Survival time increased by 0.6 years in cats with a QoL assessed
as better or the same as before DM and in cats belonging to owners

that did not experience worries about medication.

3.43 | Remission

Of the 405 cats that survived for more than 4 weeks, 29% (n = 118)
achieved remission. Of these, 62% (n = 73) achieved remission with-
out relapse (until the death of the cat, n = 20, or until the time of the
survey, n = 53)—see Figure 1. The time from diagnosis to remission
was O to 3 months for 22% (26/118), 4 to 6 months for 29%
(34/118), 7 to 12 months for 19% (n = 22/118), and >12 months for
25% (n = 30/118).

Factors remaining significant for achieving remission in the final
multiple logistic regression model were breed, type of diet and the
effect of DM on the cat's QoL—see Table 4. Cats that were fed pre-
dominantly CA wet food after diagnosis had an increased chance of
remission, compared to cats that were fed DM prescription diet (wet
and/or dry). Norwegian Forest Cats had a higher chance of achieving
remission than domestic cats. Remission was associated with a better
QoL for the cat or a QoL unaffected by DM.
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TABLE 5
4 weeks after diagnosis (n = 405)
Outcome and factors
Survival time
Worries about medication vs no worries about medication

QoL better or same as before diagnosis vs a worsened
QoL

Cat age
When treatment with insulin

When no treatment with insulin

ylnt
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Multiple linear regression analysis of factors associated with survival time in cats with diabetes mellitus that survived more than

Cl1 95% (B) P
—0.64 —-1.05 -0.23 .002
0.60 0.16 1.05 01
-0.25 —-0.33 -0.19 <.001
—0.03 —0.245 0.18 .77

Abbreviations: B, regression coefficient; CL, confidence interval; QoL, quality of life.

TABLE 6 How diabetes mellitus affected the general quality of life for the cat according to owners, compared to before diabetes (n = 477)
Remission
All cats Survival <4 weeks Survival >4 weeks Relapse No relapse No remission
(n=477) (n=72) (n = 405) All (n = 118) (n = 45) (n=73) (n = 287)
Qol as affected by DM
Better® 36 (8%) 2 (3%) 34 (8%) 17 (14%) 3(7%) 14 (19%) 17 (6%)
Same as before DM? 217 (45%) 3 (4%) 214 (53%) 79 (67%) 26 (58%) 53 (72%) 135 (47%)
Worse® 163 (34%) 32 (44%) 131 (32%) 14 (12%) 13 (29%) 1(1%) 117 (41%)
Cannot assess 61 (13%) 35 (49%) 26 (6%, 0 0 0 18 (6%)

Abbreviations: DM, diabetes mellitus; QoL, quality of life.

3.44 | Remission without relapse

The significant variables that were positively associated with remis-
sion without relapse were type of diet and the cat's QoL—see Table 4.
Predominantly feeding a CA wet diet, compared to DM prescription
diet (wet and/or dry), was associated with remission without relapse.
Cats without relapse from remission were more likely to have a
better QolL.

345 | Quality of life

Most owners of cats that were alive at the time of the survey (67%,
96/144) assessed their cat's overall QoL to be the same as before
diagnosis. QoL was assessed to be better than before in 16% (n = 23)
and worse than before diagnosis in 10% (n = 15). Almost all owners
of cats that had survived for more than 4 weeks after diagnosis and
were alive at the time of the survey assessed their cat's QoL at the
time of the survey as excellent or good (97%, 140/144).

Most owners of cats that were dead at the time of the question-
naire assessed their cat's QoL, as affected by DM, to be worse than
before diagnosis (44%, 148/333). About a third (36%, n = 121)
assessed QoL as the same as before diagnosis, and 4% as better than
before DM (n = 13).

The overall effect of DM on the cat's QoL is presented in Table 6.

The final multiple logistic regression model on the association
between DM and the cat's general QoL included answers from

owners of cats that survived for more than 4 weeks after diagnosis
(n = 405). An unaffected or better QoL compared to before diagnosis
was associated with both achieving remission without relapse and
treatment with insulin. Expressing concern about DM limiting the life
of the cat and worrying about the cat's medication were associated

with an estimated QoL that was worse (Table 4).

4 | DISCUSSION

This survey combined information on treatment, monitoring, owner
perceptions and disease outcome of cats with DM. Of the cats diag-
nosed with DM, 85% survived for more than 4 weeks, and 63% for
more than 1 year. In younger cats, a negative association was found
between owner concerns about costs and survival for more than
4 weeks. Further, survival time was positively associated with a better
QoL for the cat and negatively associated with owner worries about
the cat's medication. The remission rate among treated cats was 29%.
The chance of both achieving and staying in remission was higher for
cats that were fed a CA wet diet. Remission was positively associated
with a better QoL.

4.1 | Initial survival and survival time

The initial survival rate was 85%, which is comparable to previous

studies.»?>2” The odds of surviving for more than 4 weeks decreased
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slightly with increasing cat age. If the owners were worried about
costs, the odds of surviving for more than 4 weeks after diagnosis
were lower in younger cats, and increased with increasing cat age.
This might mirror 2 things. First, the younger the cat is at diagnosis,
the longer the prospective treatment will be, possibly making owners
less prone to agree to treatment. Second, worries could reflect a more
severe or complicated disease course among the younger cats in this
study. On the contrary, the effect of age on initial survival among cats
belonging to owners who experienced expectations of euthanasia was
pronounced in older cats, with decreased odds of survival in cats over
15 years of age. This might be explained by less acceptance of disease
negatively affecting the life of an older cat, compared to younger cats.

Survival time was positively associated with a better QoL for the
cat, and was negatively associated with an owner worrying about
medication. Survival time was associated with cat age in cats treated
with insulin, with shorter survival time in older cats as expected.

Insulin is a general recommendation when treating DM in cats,
and almost 90% of the cats surviving for more than 4 weeks after
diagnosis received insulin injections. Previous research has shown that
survival time is affected by the presence of concurrent diseases,?%?”
remission,?® and glycemic control.?” Here, no associations between
survival time and comorbidities or achieving remission were seen. This
could be partly attributable to the study design, and owners might
have misinterpreted medical information about the cat. Information
on glycemic control was not obtained, and the course of disease might
have differed among individuals and between studied groups. Also, in
the present study, cats were included with no regard to where the cat
was treated, compared to studies performed at referring clinics.2¢%”

In the present study, survival time was calculated as the shortest
possible survival time after diagnosis, and many cats can therefore be
expected to have survived for longer. There was no association
between owner concerns about costs and survival time, potentially
reflecting actual costs related to DM being described as having been
experienced as lower than expected after a time of treatment,
although still being a concern for many owners.>2? These results high-
light the importance of informative owner communication upon DM
diagnosis, discussing treatment options and the financial impact that

treatment might have over a period of time.

4.2 | Remission

The remission rate was 29%, with a 3-fold higher chance of achieving
remission for cats fed a CA wet diet (low carbohydrate, LC) compared
to cats fed a veterinary prescription diet (wet and/or dry). Remission
is thought to occur as a result of reversal of glucotoxicity.?>? By
lowering and stabilizing postprandial blood glucose,*® facilitating the
reversal of glucotoxicity, LC diets are now recommended for disease
control.2%24 Previously, reported remission rates have varied greatly.
In the present study, detailed data on how remission was confirmed
was not included. A presence of falsely confirmed remission cases
can therefore not be excluded, and the remission rate might be

exaggerated.

More than a third of the cats that achieved remission (38%) expe-
rienced relapse. There was a strong association between CA wet diet
and remission without relapse, supporting the current recommenda-
tions of continuing a LC diet after remission.?22% An LC diet during
the non-insulin-dependent period has previously been associated with
a relapse rate of 26%,'* compared to relapse rates of around 30%
when type of diet was not known.3#3°

The most common form of DM in cats is type 2 DM, although
hypersomatotropism is attracting increased attention as a cause of
insulin resistance and DM.3” Hypersomatotropism in cats is most
likely an underdiagnosed disease,” and in affected cats, successful
treatment of excess growth hormone*®—alongside traditional hypo-
glycemic treatment—is necessary for a chance of achieving diabetic
remission. The importance of a CA wet diet to achieve remission thus
indicates that many cats were type 2 diabetics, supported by the
importance of diet management for treatment of T2DM in
humans.34°

The macronutrient content of the different diets in this study was
not known. The LC properties of the CA wet diet was obtained from
free text answers, where a few well-known brands of canned diet
were repeatedly mentioned. The effect of a CA wet diet on remission
might be caused by a high protein content,?®** by differing carbohy-
drate sources*? or by weight loss as a consequence of the high water
content in canned foods.*®

In the present study, Norwegian Forest Cats—a breed with an
increased risk of DM?11%0_a|so had increased odds of remission
compared to domestic cats. To our knowledge, no previous study has
reported an association between breed and disease outcome. The
association between Norwegian Forest Cats and remission is interest-
ing and requires further investigation.

There was no association between insulin treatment and remis-
sion in the present study. Previously, the associations between remis-
sion and a variety of treatment protocols, including different types of

insulin, HBGM routines and diets, have been studied,*2-2°

with merely
weak evidence of any solid associations.?? In the present study, 90%
of the cats received insulin treatment, and about half of them (57%)
practiced HBGM. The type of insulin administered, how rigorous mon-
itoring was among owners practicing HBGM and when in relation to
diagnosis insulin treatment was instituted was not known. Although
most cats received insulin twice per day, no differentiation was made
between cats given insulin once or twice daily upon data analysis. A
suboptimal treatment protocol in a proportion of cats might have con-
tributed to the lack of association. Also, cats with a more advanced
disease course might have been treated with insulin to a higher
degree, compared to cats with less progressive disease. More severely
affected beta cells could have affected the chance of achieving remis-
sion in the former group. It is also possible that for some cats with a
less advanced disease course, the introduction of LC diet alone is suf-
ficient for reversal of glucotoxicity and promoting remission.

In the present study, the time until remission varied from the
interval O to 3 months to >12 months, and no association between
time until remission and maintained remission was seen. As prompt

12,14

glycemic control preserves more vital beta cells, an association
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between a shorter time until remission and remission without relapse
would be expected. However, the time between disease onset and ini-
tiation of treatment was unknown, and no such analysis could be car-
ried out. Also, it is somewhat surprising that a similarly large
proportion of cats achieved remission more than a year after diagnosis
compared to a few months after diagnosis. This might suggest that
hypoglycemic treatment, although not always sufficiently instituted
for early reversal of glucotoxicity, might be enough to relieve the beta
cells, preserving function for a later remission. This might also reflect
the role of insulin resistance in the treatment of DM in cats, where
obesity and concurrent diseases have to be addressed to achieve sat-
isfactory glycemic control. In the present study, information on how
the veterinarians confirmed the DM diagnosis was not available. Inclu-
sion of isolated cases of hyperglycemia (eg, stress hyperglycemia) can
therefore not be excluded, and would influence the remission rates.
However, this would have led to a high proportion of early remissions,
something that was not seen.

Of the 73 cats without relapse from remission, more than two
thirds (73%) were still alive at the time of the study and could still
potentially relapse. Of the cats that had not achieved remission
(n = 287), almost a third (27%) were alive at the time of the study, but
almost all of these (97%) had received their DM diagnosis more than
2 years before the study, making remission less probable.**

Both achieving remission and remission without relapse were
associated with a better QoL for the cat. Assessment of QoL in com-
panion animals is complicated.** In the present study, QoL was inter-
preted by owners, and was thus affected by their personal views. The
glycemic status of the treated cats was not known. Nevertheless, the
association between remission and a better QoL indicates that for an
insulin-dependent cat, the disease and its monitoring and treatment
negatively affect QoL. This further emphasizes remission as a desired
goal in disease management, and shows the importance of including

assessment of QoL in the treatment of the diabetic cat.

4.3 | Owners' perceptions and concerns

In the present study, around half of the owners perceived limitations
in their daily life because of the cat's DM, and more than a third were
concerned about complications. However, neither this perception of
limitation nor worrying about complications were associated with
decreased odds of the cat surviving the initial 4 weeks, that is,
whether or not euthanasia was chosen in conjunction with diagnosis.
A possible explanation for this is that these limitations or concerns
were not experienced until after a period of treatment.

Previously recognized owner concerns include costs, limitations
in owner lifestyle, worries about complications and worries about the
cat's wellbeing.2>?%2? Studies have shown that these concerns
decreased with treatment time.>2?? Positive matters include more
attention being given to the cat after diagnosis? and a stronger bond
between the owner and the cat.2?82? In the present study, more than

half of the owners reported a strengthened relationship with their cat.

ylnt

5 | LIMITATIONS OF THE STUDY
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The main limitation of the study is that all information was obtained
from owners and that a majority of the cats were not alive when
their owners answered the questionnaire. This might have resulted
in recall bias, as well as misinterpretations concerning the cat's
medical history. In addition, detailed information about several
aspects was missing. Owners who participated could represent a
more motivated fraction. The definitions of diabetes mellitus and
diabetic remission used in the study were formulated to fit owners,
and did not conform to internationally agreed definitions,*> which
might limit comparison with other studies. To reduce the risk of
overestimating survival time, since time frames were set as the year
of diagnosis and death, and not a specific date, survival time was
recorded from 31 December in the year of diagnosis to 1 January in
the year of death. Survival time was therefore recorded as the
shortest possible time, and will be longer in reality. The present
study included insured cats, and some results might differ for non-
insured cats.

6 | CONCLUSIONS

Diabetes mellitus is a complex disease, and treatment affects the lives
of both the owner and the cat. Feeding the cat a CA wet diet was
associated with achieving and maintaining diabetic remission. Achiev-
ing remission is associated with a better quality of life for the cat.
Therefore there is a need for further studies investigating factors
associated with diabetic remission. More than 1 in 10 cats were
euthanized in the first weeks following DM diagnosis. Despite this,
almost two thirds of the cats (63%) survived for more than 1 year, and
a quarter (25%) for more than 3 years. If the owner was worried about
limitations to the cat's life and about medication, survival time was
shortened. The results accentuate the association between diet and
disease outcome. Also, it is crucial to recognize and manage owner
distress as a part of disease management, in order to improve welfare
for both owner and cat, and to improve the chances of a favorable
outcome for the diabetic cat.

ACKNOWLEDGMENT

Funding provided by the Greater Stockholm Veterinary Hospital
Foundation. This work was made possible thanks to the Greater
Stockholm Veterinary Hospital Foundation and DVM Erika Brandeker
at the Regional Small Animal Hospital Anicura Bagarmossen. The
authors thank Jesper Rydén and Claudia von Brémssen at the Centre

for Statistics at the Swedish University of Agriculture.

CONFLICT OF INTEREST DECLARATION
Authors declare no conflict of interest.

OFF-LABEL ANTIMICROBIAL DECLARATION

Authors declare no off-label use of antimicrobials.

85UB017 SUOWIWOD SAIERID 3(dedl|dde auyy Ag peusenob a1e ssoiie O ‘8sn J0 Sa|n1 10} ARiq1T 8ULUO A8]IA UO (SUONIPUCO-PUB-SWLB W0 A3 1M ARIq 1 BU1|UO//StY) SUONIPUOD Pue swie | 84 88S *[£202/70/50] U0 Akeiqiaulju AB|IM 'Seousios eimnolby JO AIseAIUN USIPeMS AQ SZ99T WIATTTT OT/I0p/W00 A8 M AReiq 1 ut|uoy/sdny wolj papeojumod ‘T ‘€202 ‘9/9T6E6T



ROTHLIN-ZACHRISSON ET AL.

68 | Journal of Veterinary Internal Medicine AC\?' M

[Open Access NN

Veterin:

an College of
rnal Medicine

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE
(IACUC) OR OTHER APPROVAL DECLARATION

Authors declare no IACUC or other approval was needed.

HUMAN ETHICS APPROVAL DECLARATION
Authors declare human ethics approval was not needed for this study.

ORCID
Ninni Rothlin-Zachrisson "= https://orcid.org/0000-0002-1200-1743

REFERENCES

1. Niessen S, Hazuchova K, Powney S, et al. The big pet diabetes survey:
perceived frequency and triggers for euthanasia. Vet Sci. 2017;4(2):
27. doi:10.3390/vetsci4020027

2. Niessen SJ, Powney S, Guitian J, et al. Evaluation of a quality-of-life
tool for cats with diabetes mellitus. J Vet Intern Med. 2010;24(5):
1098-1105.

3. Albuqurque CS, Bauman BL, Rzeznitzeck J, et al. Priorities on treat-
ment and monitoring of diabetic cats from the owners' points of view.
J Feline Med Surg. 2019;22(6):506-513.

4. Bijsmans ES, Jepson RE, Syme HM, Elliott J, Niessen SJM. Psycho-
metric validation of a general health quality of life tool for cats used
to compare healthy cats and cats with chronic kidney disease. J Vet
Intern Med. 2016;30(1):183-191.

5. Noble CE, Wiseman-Orr LM, Scott ME, Nolan AM, Reid J. Develop-
ment, initial validation and reliability testing of a web-based, generic
feline health-related quality-of-life instrument. J Feline Med Surg.
2019;21(2):84-94.

6. Freeman LM, Rush JE, Oyama MA, et al. Development and evaluation of
a questionnaire for assessment of health-related quality of life in cats
with cardiac disease. J Am Vet Med Assoc. 2012;240(10):1188-1193.

7. Noli C, Borio S, Varina A, Schievano C. Development and validation of
a questionnaire to evaluate the quality of life of cats with skin disease
and their owners, and its use in 185 cats with skin disease. Vet Derma-
tol. 2016;27(4):247-258.

8. McCann TM, Simpson KE, Shaw DJ, et al. Feline diabetes mellitus in
the UK: the prevalence within an insured cat population and a
questionnaire-based putative risk factor analysis. J Feline Med Surg.
2007;9(4):289-299.

9. Ohlund M, Fall T, Strém Holst B, Hansson-Hamlin H, Bonnett B,
Egenvall A. Incidence of diabetes mellitus in insured Swedish cats in
relation to age, breed and sex. J Vet Intern Med. 2015;29(5):1342-
1347.

10. Prahl A, Guptill L, Glickman NW, Tetrick M, Glickman LT. Time trends
and risk factors for diabetes mellitus in cats presented to veterinary
teaching hospitals. J Feline Med Surg. 2007;9(5):351-358.

11. O'Neill DG, Gostelow R, Orme C, et al. Epidemiology of diabetes mel-
litus among 193,435 cats attending primary-care veterinary practices
in England. J Vet Intern Med. 2016;30(4):964-972.

12. Marshall RD, Rand JS, Morton JM. Treatment of newly diagnosed dia-
betic cats with glargine insulin improves glycemic control and results
in higher probability of remission than protamine zinc and lente insu-
lins. J Feline Med Surg. 2009;11(8):683-691.

13. Roomp K, Rand J. Evaluation of detemir in diabetic cats managed with
a protocol for intensive blood glucose control. J Feline Med Surg.
2012;14(8):566-572.

14. Roomp K, Rand J. Intensive blood glucose control is safe and effective
in diabetic cats using home monitoring and treatment with glargine.
J Feline Med Surg. 2009;11(8):668-682.

15. Mazzaferro EM, Greco DS, Turner AS, Fettman MJ. Treatment of
feline diabetes mellitus using an alpha-glucosidase inhibitor and a
low-carbohydrate diet. J Feline Med Surg. 2003;5(3):183-189.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Weaver KE, Rozanski EA, Mahony OM, Chan DL, Freeman LM. Use
of glargine and lente insulins in cats with diabetes mellitus. J Vet
Intern Med. 2006;20(2):234-238.

Nelson RW, Lynn RC, Wagner-Mann CC, Michels GM. Efficacy of
protamine zink insulin for treatment of diabetes mellitus in cats. J Am
Vet Med Assoc. 2001;218(1):38-42.

Bennet N, Greco DS, Peterson ME, et al. Comparison of a low
carbohydrate-low fiber diet and a moderate carbohydrate-high fiber
diet in the management of feline diabetes mellitus. J Feline Med Surg.
2006;8(2):73-84.

Hall TD, Mahony O, Rozanski EA, Freeman LM. Effects of diet on glu-
cose control in cats with diabetes mellitus treated with twice daily
insulin glargine. J Feline Med Surg. 2009;11(2):125-130.

Frank G, Anderson W, Pazak H, Hodgkins E, Ballam J, Laflamme D.
Use of a high-protein diet in the management of feline diabetes melli-
tus. Vet Ther. 2001;2(3):238-246.

Gostelow R, Forcada Y, Graves T, Church D, Niessen S. Systematic
review of feline diabetic remission: separating fact from opinion. Vet
J.2014;202(2):208-221.

Sparkes AH, Cannon M, Church D, et al. ISFM consensus guidelines
on the practical management of diabetes mellitus in cats. J Feline Med
Surg. 2015;17(3):235-250.

Behrend E, Holford A, Lathan P, Rucinsky R, Schulman R. 2018 AAHA
diabetes management guidelines for dogs and cats. J Am Anim Hosp
Assoc. 2018;54(1):1-21.

Gottlieb S, Rand J. Managing feline diabetes: current perspectives.
Vet Med (Auckl). 2018;9:33-42.

Kraus MS, Calvert CA, Jacobs GJ, Brown J. Feline diabetes mellitus: a
retrospective mortality study of 55 cats (1982-1994). J Am Anim Hosp
Assoc. 1997;33(2):107-111.

Callegari C, Mercuriali E, Hafner M, et al. Survival time and prognostic
factors in cats with newly diagnosed diabetes mellitus: 114 cases
(2000-2009). J Am Anim Hosp Assoc. 2013;243(1):91-95.

Gossens MM, Nelson RW, Feldman EC, et al. Response to insulin
treatment and survival in 104 cats with diabetes mellitus
(1985-1995). J Vet Intern Med. 1998;12(1):1-6.

Aptekmann KP, Armstrong J, Coradini M, Rand J. Owner experiences
in treating dogs and cats diagnosed with diabetes mellitus in the
United States. J Am Anim Hosp Assoc. 2014;50(4):247-253.
Hazuchova K, Gostelow R, Scudder C, Forcada Y, Church DB,
Niessen SJM. Acceptance of home blood glucose monitoring by
owners of recently diagnosed diabetic cats and impact on quality of
life changes in cat and owner. J Feline Med Surg. 2018;20(8):711-720.
Ohlund M, Egenvall A, Fall T, Hansson-Hamlin H, Rdcklinsberg H,
Holst BS. Environmental risk factors for diabetes mellitus in cats.
J Vet Intern Med. 2017;31(1):29-35.

R Core Team. R: A Language and Environment for Statistical Computing.
Vienna, Austria: R Foundation for Statistical Computing; 2021.

Link KR, Allio I, Rand JS, et al. The effect of experimentally induced
chronic hyperglycaemia on serum and pancreatic insulin, pancreatic
islet IGF-I and plasma and urinary ketones in the domestic cat (Felis
felis). Gen Comp Endocrinol. 2013;188:269-281.

Singh R, Rand JS, Coradini M, Morton JM. Effect of acarbose on post-
prandial blood glucose concentrations in healthy cats fed low and
high carbohydrate diets. J Feline Med Surg. 2015;17(10):848-857.

Zini E, Hafner M, Osto M, et al. Predictors of clinical remission in cats
with diabetes mellitus. J Vet Intern Med. 2010;24(6):1314-1321.
Gottlieb S, Rand JS, Marshall R, Morton J. Glycemic status and predic-
tors of relapse for diabetic cats in remission. J Vet Intern Med. 2015;
29(1):184-192.

Nelson RW, Reusch CE. Classification and etiology of diabetes in
dogs and cats. J Endocrinol. 2014;222(3):T1-T9.

Niessen SJ, Forcada Y, Mantis P, et al. Studying cat (Felis catus) diabe-
tes: beware of the acromegaly imposter. PLoS One. 2015;10(5):
e0127794.

85UB017 SUOWIWOD SAIERID 3(dedl|dde auyy Ag peusenob a1e ssoiie O ‘8sn J0 Sa|n1 10} ARiq1T 8ULUO A8]IA UO (SUONIPUCO-PUB-SWLB W0 A3 1M ARIq 1 BU1|UO//StY) SUONIPUOD Pue swie | 84 88S *[£202/70/50] U0 Akeiqiaulju AB|IM 'Seousios eimnolby JO AIseAIUN USIPeMS AQ SZ99T WIATTTT OT/I0p/W00 A8 M AReiq 1 ut|uoy/sdny wolj papeojumod ‘T ‘€202 ‘9/9T6E6T


https://orcid.org/0000-0002-1200-1743
https://orcid.org/0000-0002-1200-1743
info:doi/10.3390/vetsci4020027

ROTHLIN-ZACHRISSON ET AL.

Journal of Veterinary Internal Medicine AC\%’/IM | 69

38.

39.

40.

41.

42.

43.

44,

Fleeman L, Gostelow R. Updates in feline diabetes mellitus and
hypersomatotropism. Vet Clin  Small Anim. 2020;50(5):
1085-1105.

Dyson PA, Kelly T, Deakin T, et al. Diabetes UK evidence-based nutri-
tion guidelines for the prevention and management of diabetes. Dia-
bet Med. 2011;28(11):1282-1288.

American Diabetes Association. Standards of medical care in
diabetes—2011. Diabetes Care. 2011;34(Suppl 1):511-S61.

Nguyen P, Leray V, Dumon H, et al. High protein intake affects lean
body mass but not energy expenditure in nonobese neutered cats.
J Nutr. 2004;134(8 Suppl):2084s-2086s.

de Oliveira LD, Carciofi AC, Oliviera MC, et al. Effects of six carbohy-
drate sources on diet digestibility and postprandial glucose and insulin
responses in cats. J Anim Sci. 2008;86(9):2237-2246.

Wei A, Fascetti AJ, Liu KJ, et al. Effect of water content in a canned
food on voluntary food intake and body weight in cats. Am J Vet Res.
2011;72(7):918-923.

Freeman LM, Rodenberg C, Narayanan A, Olding J, Gooding MA,
Koochaki PE. Development and initial validation of the cat health and

45.

American College of

Veterinary Internal Medicine
wellbeing (CHEW) questionnaire: a generic health-related quality of
life instrument for cats. J Feline Med Surg. 2016;18(9):689-701.
Niessen SJM, Bjornvad C, Church DB, et al. Agreeing language in vet-
erinary endocrinology (ALIVE): diabetes mellitus—a modified Delphi-
method-based system to create consensus disease definitions. Vet J.
2022;289. doi:10.1016/j.tvjl.2022.105910

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Rothlin-Zachrisson N, Ohlund M,
Rocklinsberg H, Strém Holst B. Survival, remission, and quality
of life in diabetic cats. J Vet Intern Med. 2023;37(1):58-69.
doi:10.1111/jvim.16625

85UB017 SUOWIWOD SAIERID 3(dedl|dde auyy Ag peusenob a1e ssoiie O ‘8sn J0 Sa|n1 10} ARiq1T 8ULUO A8]IA UO (SUONIPUCO-PUB-SWLB W0 A3 1M ARIq 1 BU1|UO//StY) SUONIPUOD Pue swie | 84 88S *[£202/70/50] U0 Akeiqiaulju AB|IM 'Seousios eimnolby JO AIseAIUN USIPeMS AQ SZ99T WIATTTT OT/I0p/W00 A8 M AReiq 1 ut|uoy/sdny wolj papeojumod ‘T ‘€202 ‘9/9T6E6T


info:doi/10.1016/j.tvjl.2022.105910
info:doi/10.1111/jvim.16625

	Survival, remission, and quality of life in diabetic cats
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study sample and questionnaire
	2.2  Data analysis

	3  RESULTS
	3.1  Cats and owners
	3.2  Treatment
	3.3  Owners' perceptions and cat-human relationship
	3.4  Outcomes for cats with diabetes mellitus diagnosis
	3.4.1  Survival for more than 4weeks
	3.4.2  Survival time
	3.4.3  Remission
	3.4.4  Remission without relapse
	3.4.5  Quality of life


	4  DISCUSSION
	4.1  Initial survival and survival time
	4.2  Remission
	4.3  Owners' perceptions and concerns

	5  LIMITATIONS OF THE STUDY
	6  CONCLUSIONS
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST DECLARATION
	OFF-LABEL ANTIMICROBIAL DECLARATION
	INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION
	HUMAN ETHICS APPROVAL DECLARATION
	REFERENCES


