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Introduction
Diabetes mellitus (DM) is one of the most common endo-
crinopathies in cats. Estimates of prevalence in the range 
of 0.08–1.24% have been reported for a few countries, 
such as the UK, Sweden, Australia and the USA,1–5 but 
for most countries, the prevalence is unreported. Older 
age (usually >11 years) has been uniformly identified 
as a risk factor in numerous studies.2,4–8 Furthermore, in 
most studies, the male sex was overrepresented and con-
sidered a risk factor for DM.1,3,5,6,8–10 In contrast, O’Neill 
et al2 could not detect a significant difference between 
the sexes after taking the effects of other risk factors 
(body weight) into account. Discrepancies between 

studies also exist regarding the influence of neutering. 
Although McCann et al1 detected an increased risk for 
neutered cats to develop DM, Prahl et al5 did not.
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Abstract
Objectives The aims of this study were to compare signalment and laboratory parameters between diabetic (D) 
and non-diabetic (ND) cats and poorly-controlled diabetic (PD) and well-controlled diabetic (WD) cats in Germany.
Methods Laboratory data from Antech Lab Germany between 2015 and 2018 were retrospectively analysed. Age, 
sex, red blood cell count (RBC), creatinine (CREA), alkaline phosphatase (AP), alanine aminotransferase (ALT), 
bilirubin (BILI), cholesterol (CHOL), triglycerides (TRI), glucose (GLU) and total thyroxine (TT4) were compared 
between D (fructosamine ⩾340 µmol/l) and ND cats, and PD (fructosamine >500 µmol/l) and WD (fructosamine 
340–500 µmol/l) cats. The proportion of cats with anaemia (RBC ⩽4.21 ×1012/l), CREA >250 µmol/l, ALT >455 U/l, 
AP >315 U/l, BILI ⩾35 µmol/l and TT4 > reference interval (RI) was compared between PD and WD cats. Data are 
presented as median and interquartile range (IQR) and analysed using non-parametric tests. Significance was  
P <0.05, and effect size was assessed by Cramér V or r.
Results In total, 129,505 cats were included (D: n = 9334 [prevalence 7.2%], WD: n = 5670/9334 [60.7%]). The 
median age of D and ND cats was 12 years (IQR D 9–14; ND 9–15); there was no difference in sex. A significant 
difference was found between groups (D vs ND; PD vs WD) for all parameters studied. Considering the effect sizes 
and medians outside the RI, the only relevant difference was higher CHOL, TRI, AP and GLU in PD compared with 
WD (CHOL: PD 7.46 [5.85–9.32] vs WD 5.44 [4.32–6.97] mmol/l, P <0.001, r = 0.39; TRI: PD 1.44 [0.84–3.66] vs WD 
0.78 [0.5–1.35] mmol/l, P <0.001, r = 0.35; AP: PD 66 [47–92] vs WD 35 [23–59] U/l, P <0.001, r = 0.39; GLU: PD 
23.7 [20.15–27.3] vs WD 6.89 [5–11.31] mmol/l, P <0.001, r = 0.69).
Conclusions and relevance Laboratory changes in diabetic cats were mild and mainly associated with lipid 
derangements.
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The use of different databases (first opinion practice, 
large hospitals, universities) and different statistical 
methods might explain the wide range of reported preva-
lences and some variation in risk factors; however, true 
regional differences might also exist. Given the differ-
ences in reported data across studies, knowledge of local 
prevalence and risk factors might be useful to veterinar-
ians and researchers, as well as other parties involved in 
veterinary care (eg, insurance companies, pharmaceutical 
companies).

In most diabetic cats, laboratory tests are performed at 
the time of diagnosis and/or at follow-up visits; however, 
studies reporting on clinicopathological findings other 
than the expected hyperglycaemia and elevated fructosa-
mine are scarce. One older investigation evaluated labo-
ratory submissions of 104 diabetic cats between 1992 and 
1994 and found that most cats with DM had hypercho-
lesterolaemia and elevation of at least one liver enzyme.9 
Furthermore, a review on the interpretation of clinical 
pathology findings in geriatric veterinary patients stated 
that in the presence of DM, activity of alanine aminotrans-
ferase (ALT), alkaline phosphatase (AP) and gamma-glu-
tamyl transferase (GGT) is often increased, and in some 
cases, prerenal azotaemia can be found as a result of 
dehydration.11 Unfortunately, the primary reference was 
not provided in this publication. Otherwise, information 
on laboratory findings in diabetic cats can only be found 
in veterinary textbooks.12–14 Here, it is described that hae-
matological abnormalities are usually mild and include 
non-regenerative normochromic anaemia or stress leu-
kogram. Common biochemical abnormalities include up 
to a five-fold increase in ALT, up to a three-fold increase 
in AP, up to a two-fold increase in bilirubin concentra-
tion (BILI) and up to a three-fold increase of concentra-
tion of cholesterol (CHOL) and triglycerides (TRI). It is 
also reported that creatinine and urea are expected to be 
normal in uncomplicated DM. Again, original references 
were not provided in those textbooks.12–14 The description 
of clinicopathological findings in D cats is therefore not 
supported by large studies.

The aims of our study therefore were three-fold: (1) 
to determine the prevalence of feline DM in a large lab-
oratory convenience sample in Germany and evaluate 
age, sex and neuter status; (2) to describe the occurrence 
of changes in selected haematological and biochemical 
variables in diabetic (D) cats compared with non-diabetic 
(ND) cats; and (3) to compare selected haematological 
and biochemical variables between poorly-controlled dia-
betic (PD) and well-controlled diabetic (WD) cats.

Materials and methods
Laboratory data and inclusion criteria
This was a retrospective, cross-sectional study using 
data from laboratory submissions to a large commercial 

laboratory, Antech Lab Germany (formerly SYNLAB.
vet), with five locations in Germany between 2015 and 
2018. All submissions for routine haematology (ADVIA 
2120i; Siemens Diagnostics) and serum biochemistry (AU 
5800, AU 680; Beckman Coulter), including fructosamine 
(measured using the abovementioned biochemistry 
analysers) and total thyroxine (TT4) (IMMULITE 2000 
XPi Immunoassay System; Siemens Medical Solutions 
Diagnostics) from cats within this period were included 
as long as the fructosamine measurement was available. 
The fructosamine measurement was part of the rou-
tine serum biochemistry profile and did not have to be 
requested separately by a submitting veterinarian, but 
cats with missing fructosamine as a result of insufficient 
sample material were excluded. Cats in which other 
blood parameters were occasionally missing (because of 
insufficient sample material) were included as long as 
the fructosamine measurement was performed. Where 
multiple blood samples from the same cat were submit-
ted during the study, only the submission with the high-
est measurement of fructosamine was included. Age, sex 
and neuter status, as well as selected haematological and 
biochemical parameters (see below), were provided by 
the laboratory.

Diagnosis of DM and glycaemic control
Cats were considered diabetic if they had fructosamine 
concentrations above the upper laboratory reference inter-
val (RI) (⩾340 µmol/l). Increased fructosamine concen-
trations have been shown to be highly specific for DM 
diagnosis in cats.15 Information about clinical signs was 
not available and could not be used to make a diagnosis of 
DM. Although hyperglycaemia is a hallmark of DM, glu-
cose concentration was not used to differentiate between 
D and ND cats in this study because of several limitations 
of glucose measurement. First, hyperglycaemia can occur 
in ND cats because of stress (including stress of blood sam-
pling) and therefore is not a reliable marker of DM in cats. 
Second, D cats treated with insulin can be normoglycae-
mic; therefore, DM cannot be excluded based on normal 
glucose concentration. Finally, information on pre-analyt-
ical sample handling, such as time lapsed between blood 
sampling and centrifugation, was not available. A longer 
period between sampling and sample processing can lead 
to a decrease in blood glucose due to in vitro glycolysis.16

Cats with fructosamine concentrations >500 µmol/l 
were classified as PD cats, in agreement with previous 
studies.12,17–22 Data on clinical signs were not available 
and could therefore not be used for this classification. 
Glucose concentration was not used to assess the quality 
of glycaemic control because spot blood glucose meas-
urements are not recommended to assess the quality of 
glycaemic control according to current DM management 
guidelines.23,24
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Comparison of selected laboratory parameters 
between D and ND, and PD and WD
The following laboratory parameters were compared 
between D and ND cats as well as PD and WD cats: red 
blood cell count (RBC); creatinine concentration (CREA); 
glucose concentration (GLU); AP; ALT; BILI; CHOL; TRI; 
and TT4. RBC rather than haematocrit (HCT) value or 
packed cell volume (PCV) was evaluated because those 
two latter parameters are affected by erythrocyte swelling 
during storage, which can lead to a significant increase in 
HCT/PCV within 12 h of blood collection.25 The propor-
tion of cats with at least moderate anaemia (RBC ⩽4.21 
×1012/l), CREA >250 µmol/l (azotaemia indicating sig-
nificant kidney disease likely associated with clinical 
signs, ie, International Renal Interest Society [IRIS] stage  
3 or 4),26 ALT >455 U/l (5× upper RI of the labora-
tory), AP >315 U/l (5× upper RI of the laboratory), BILI 
⩾35 µmol/l (indicating clinically detectable icterus)27 and 
increased TT4 (above laboratory RI, indicating uncon-
trolled hyperthyroidism) was compared between PD and 
WD. The cut-off of 4.21 ×1012/l RBCs for the diagnosis of 
moderate anaemia was calculated using the following 
equation:

RBC l
HCT
MCV fl

( / )
(%)

( )
× =

×
10

1012 ,

where MCV is mean cell volume, and a MCV of 47.5 fl 
and HCT of 20%, indicating moderate anaemia, were 
assumed.28 Reticulocyte count was only available in less 
than 50% of the submissions; therefore, further classifica-
tion of anaemia (regenerative vs non-regenerative) was 
not attempted.

Statistical analysis
The statistical analysis was carried out using SPSS ver-
sion 28.0 (IBM). The data were assessed for normality 
by visual inspection of histograms. Graphical inspection 
was preferred over formal statistical tests in the evalua-
tion of normal distribution since it avoids the pitfalls of 
misusing the P values in formal tests, especially in large 
sample sizes.29 As most data were not normally distrib-
uted, the data are reported as median (interquartile range 
[IQR]). The prevalence of DM is reported as the propor-
tion (in %) of diabetic cats among laboratory submissions 
and 95% confidence interval (CI). The Mann–Whitney 
U-test was applied to compare the age (D vs ND) and 
laboratory parameters between the different groups (D 
vs ND, WD vs PD). Categorical variables (sex, neuter 
status, proportions of cats with anaemia and elevation 
of selected laboratory parameters above a certain cut-
off as described above) were compared using the χ2 test.  
P <0.05 was considered significant. A Bonferroni correc-
tion was applied to the P value when assessing the dif-
ferences in sex and neutering status between D and ND 
cats because these variables are not independent from 
each other. To assess the effect size, r was determined 

following the Mann–Whitney U-tests30 and Cramér V 
following the χ2 test.31 With a large sample size, as in 
this study, minimal differences between study groups/
populations might be significant based on P value, and 
effect sizes r or Cramér V help interpret the relevance of 
any significant results.32 According to Cohen, r or V of 
0.1, 0.3 and 0.5 indicate a small, medium and large effect, 
respectively.33–35 For numerical variables, besides the  
P value and the effect size, the medians in relation to the 
laboratory RI were also used to interpret the results.

Results
Age, sex and neuter status
Fructosamine concentration was missing in 426 cats; 
therefore, 129,505 cats were included in the analysis. Of 
these, 9334 cats were diabetic, resulting in a DM preva-
lence of 7.2% (95% CI 7.0–7.4) in this population of cats 
based on laboratory submissions (Figure 1).

Despite equal medians (D: 12 years, IQR 9–14; ND: 
12 years, IQR 9–15), there was a significant difference in 
the age of D and ND cats (P <0.001). However, based on 
r = 0.02, indicating a negligible effect size, this difference 
was considered not relevant. Most cats in both groups 
were aged ⩾9 years (D: 6490 [79.8%]; ND: 83,201 [78.3%]). 
Information regarding sex was provided in 118,668 
(91.6%) cats (60,897 male [51.3%], 57,771 female [48.7%]). 
At the time of blood testing, 56,834 (93.3%) male cats and 
52,225 (90.4%) female cats were neutered. The distribu-
tion of sexes, including neuter status, in D and ND cats is 
presented in Figure 2.

The results of the statistical analysis comparing the 
proportions of sexes, including neuter status, between D 
and ND cats are shown in Table 1. Although there was a 
significantly higher proportion of male cats among the 
D cats than the ND cats, as well as a lower proportion 
of female intact cats and a higher proportion of male 
neutered cats (Figure 2, Table 1), these differences were 
of negligible effect sizes and therefore not considered 
relevant.

Figure 1 Classification of cats based on the presence or 
absence of diabetes (cats with fructosamine concentrations 
⩾340 μmol/l were classified as diabetic [D]) and within 
the diabetic population into well-controlled diabetic (WD) 
and poorly-controlled diabetic (PD) individuals (cats with 
fructosamine concentrations >500 μmol/l were considered 
poorly controlled)
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Comparison of selected laboratory parameters 
between D and ND cats
Significant differences between D and ND cats were 
detected for all selected haematological and biochemical 
parameters based on a P value <0.05 (Table 2).

RBC, AP, ALT, CHOL, TRI and GLU were higher in 
the D cats, while CREA and TT4 were lower. However, 
for all tested variables apart from CHOL and GLU, the 
medians lay within the RI in both groups. The medians 
of CHOL were outside (above) the laboratory RI in both 
groups and the median of GLU was above the laboratory 
RI in the D. Furthermore, the effect sizes were negligible 
(r <0.1) for all parameters but AP, CHOL, TRI and GLU 
(Table 2). In these four, r in the range of 0.1–0.3 indicated a 
meaningful but small relevance. Taken together, the most 
significant and relevant finding was the higher CHOL in 
D cats when compared with ND cats. As expected, GLU 
was higher in D cats when compared with ND cats.

Comparison of selected laboratory parameters 
between WD and PD
Of the diabetic patients, 60.7% (n = 5670, 95% CI 59.8–
61.7) were well controlled and 39.3% (n = 3664, 95%  

CI 38.3–40.3) were poorly controlled based on a fructosa-
mine concentration ⩽500 μmol/ or >500 μmol/l, respec-
tively. Similar to the comparison between D and ND 
cats, significant differences between WD and PD were 
detected for all selected laboratory parameters based on 
P <0.05 (Table 3).

RBC, AP, ALT, BILI, CHOL, TRI and GLU were higher 
and CREA and TT4 were lower in PD compared with WD. 
Again, most medians lay within the RI, but CHOL in both 
groups and AP, TRI and GLU in PD were increased (ie, 
above the upper limit of the RI). Based on effect sizes, the 
difference in CREA, ALT, TT4 and BILI had a small effect, 
while the difference in AP, CHOL and TRI had a medium 
effect and the difference in GLU had a large effect. Based 
on the effect sizes and medians outside of the RI, the 
higher AP, CHOL, TRI and GLU in PD when compared 
with WD were considered the most relevant findings.

Frequencies of selected laboratory abnormalities 
between WD and PD
Frequencies of at least moderate anaemia, azotaemia indi-
cating significant kidney disease (IRIS stage 3 or 4), signif-
icant increase in ALT and AP activities (at least five-fold), 

Table 1 Comparison of sex and neuter status between diabetic (D) and non-diabetic (ND) cats

Comparison between
D and ND cats

Corrected P value according to Bonferroni Effect size Cramér V*

1 Total male vs total female <0.001 0.043
2 Male intact vs female intact <0.001 0.039
3 Male neutered vs female neutered <0.001 0.045
4 Male neutered vs male intact 0.26 0.008
5 Female neutered vs female intact 0.77 0.006

P <0.05 was considered statistically significant
*Cramér V: 0.1 = small effect; 0.3 = medium effect; 0.5 = large effect

Figure 2 Distribution (in %) of sex and neutering status in diabetic (D) (n = 9334) and non-diabetic (ND) (n = 120,171) cats
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hyperbilirubinaemia associated with clinically detectable 
icterus and increased TT4 indicating uncontrolled hyper-
thyroidism in WD and PD are summarised in Table 4.

All abnormalities were more frequently present in 
WD; however, although significant differences were 
detected between WD and PD based on P <0.05, Cramér 
V indicated negligible relevance for all parameters but 
azotaemia and proportion of cats with increased TT4 
(both small effect).

Discussion
In this large laboratory convenience sample in Germany, 
7.2% of cats were diabetic. As this is the first large-scale 
study evaluating laboratory abnormalities in diabetic cats, 
this finding cannot be directly compared with other stud-
ies, interrogating different populations. Other investiga-
tors examined insurance records1 and data from primary 
care practices,2 large feline-only clinics4 or veterinary teach-
ing hospitals,3,5 where 0.08–1.24% of cats were diabetic. 
None of the studies perfectly represent the population of 

diabetic cats in a particular geographic region or country. 
However, nationwide registers of diabetic animals do not 
exist and therefore information is currently only available 
for those abovementioned subpopulations.

The median age of both diabetic and non-diabetic 
cats was 12 years, indicating that the results reflect a 
prevalence of DM within the older population rather 
than the general cat population in Germany. As age is a 
well-known risk factor for DM,2,4–8 a higher prevalence 
is expected in older cats. Although some blood samples 
might have been submitted for health checks, a recent 
study revealed that blood tests are not routinely per-
formed as a part of preventive healthcare in German vet-
erinary practices.36 It is therefore likely that the majority 
of laboratory submissions are from sick animals. Older 
cats are more likely to suffer from diseases, explaining 
the higher age of population examined in the present 
study. The prevalence of DM might have been lower if 
younger cats were included; however, DM is a multifac-
torial disease potentially influenced by the presence of 
comorbidities37 and can therefore occur at any age.

Table 2 Comparison of selected laboratory parameters between diabetic (D) and non-diabetic (ND) cats

Parameter Number (n) Laboratory RI D cats ND cats P value Effect size r*

RBC (T/l) Total: 127,575
D: 9127
ND: 118,448

5.0–10.0 8.86 (7.75–9.89) 8.62 (7.56–9.57) <0.001 0.043

CREA (µmol/l) Total: 129,452
D: 9312
ND: 120,140

0–168 123.8 (99–159) 130 (105.2–162.7) <0.001 0.029

AP (U/l) Total: 128,761
D: 9201
ND: 119,560

<63 47 (28–77) 33 (23–49) <0.001 0.11

ALT (U/l) Total: 129,314
D: 9283
ND: 120,031

<91 79 (55–133) 66 (49–100) <0.001 0.075

TT4 (nmol/l) Total:120,430
D:7894
ND:112,536

12.9–51.5 18.66 (11.7–27.28) 22.52 (15.19–32.18) <0.001 0.080

BILI (µmol/l) Total: 123,789
D: 8488
ND: 115,301

<8.55 3.42 (3.3–5.13) 3.42 (2.91–3.42) <0.001 0.094

CHOL (mmol/l) Total: 129,468
D: 9325
ND: 120,143

1.81–3.88 6.12 (4.77–8.02) 4.69 (3.76–5.85) <0.001 0.18

TRI (mmol/l) Total: 129,414
D: 9305
ND: 120,109

0.23–1.23 0.96 (0.59–2.02) 0.59 (0.43–0.87) <0.001 0.18

GLU (mmol/l) Total: 106,014
D: 7098
ND: 98,916

3.9–8.3 12.93 (5.94–23.2) 5.67 (4.77–7.09) <0.001 0.23

Data are median (IQR) unless otherwise indicated. P <0.05 was considered statistically significant
*r = 0.1 small effect, r = 0.3 medium effect, r = 0.5 large effect.
ALT = alanine aminotransferase; AP = alkaline phosphatase; BILI = bilirubin; CHOL = cholesterol; CREA = creatinine; D = diabetic, 
GLU = glucose; IQR = interquartile range; ND = non-diabetic; RBC = red blood cell count; RI = reference interval; TT4 = total thyroxine; 
TRI = triglycerides
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Table 4 Frequencies of at least moderate anaemia, azotaemia, increase in liver enzyme activities, hyperbilirubinaemia, 
indicating clinically detectable icterus, and increased total thyroxine, indicating uncontrolled hyperthyroidism in well-
controlled diabetic (WD) and poorly-controlled diabetic (PD) cats with effect size Cramér V

Parameter Laboratory RI WD PD P value Cramér V*

RBC ⩽4.21 
(T/l) = moderate 
anaemia

5.0–10.0 5523 (1.5) 3604 (0.4) <0.001 0.052

CREA >250 
(µmol/l) = IRIS 3+4

0–168 5654 (13.4) 3658 (4.7) <0.001 0.14

AP >315 
(U/l) = five-fold 
increase

<63 5571 (3.1) 3630 (1.1) <0.001 0.065

ALT >455 
(U/l) = five-fold 
increase

<91 5650 (6) 3633 (4.7) 0.008 0.027

BILI >35 
(µmol/l) = clinical 
icterus

<8.55 5022 (7.3) 3466 (3.0) <0.001 0.092

TT4 >51.5 (nmol/l) 12.9–51.5 5379 (5.6) 3593 (1.2) <0.001 0.109

Data are n (%) unless otherwise indicated; P <0.05 was considered statistically significant
*Cramér V: 0.1 small effect, 0.3 medium effect, 0.5 large effect
ALT = alanine aminotransferase; AP = alkaline phosphatase; BILI = bilirubin; CREA = creatinine; IRIS = International Renal Interest Society; 
RBC = red blood cell count; RI = reference interval; TT4 = total thyroxine

Table 3 Comparison of selected laboratory parameters between well-controlled diabetic (WD) and poorly-controlled 
diabetic (PD) cats with effect size r

Parameter Number (n) Laboratory RI WD PD P value Effect size r*

RBC (T/l) Total: 9127
WD: 5549
PD: 3578

5.0–10.0 8.76 (7.61–9.81) 9.01 (8–9.98) <0.001 0.087

CREA (µmol/l) Total: 9312
WD: 5680
PD: 3632

0–168 132.6 (105.2–173.9) 112.3 (92.8–137.9) <0.001 0.23

AP (U/l) Total: 9201
WD: 5597
PD: 3604

<63 35 (23–59) 66 (47–92) <0.001 0.39

ALT (U/l) Total: 9283
WD: 5676
PD: 3607

<91 73 (53–119) 90 (61–156) <0.001 0.14

TT4 (nmol/l) Total: 7894
WD: 4962
PD: 2932

12.9–51.5 21.49 (13.51–30.5) 14.93 (10.23–21.2) <0.001 0.26

BILI (µmol/l) Total: 8488
WD: 5046
PD: 3442

<8.55 3.42 (3–4.96) 3.5 (3.42–5.13) <0.001 0.11

CHOL (mmol/l) Total: 9325
WD: 5688
PD: 3637

1.81–3.88 5.44 (4.32–6.97) 7.46 (5.85–9.32) <0.001 0.39

TRI (mmol/l) Total: 9305
WD: 5680
PD: 3625

0.23–1.23 0.775 (0.5–1.35) 1.44 (0.84–3.66) <0.001 0.35

GLU (mmol/l) Total: 7098
WD: 4286
PD: 2812

3.9–8.3 6.89 (5–11.31) 23.7 (20.15–27.3) <0.001 0.69

Data are median (IQR) unless otherwise indicated; P <0.05 was considered statistically significant
*r = 0.1 small effect, r = 0.3 medium effect, r = 0.5 large effect
ALT = alanine aminotransferase; AP = alkaline phosphatase; BILI = bilirubin; CHOL = cholesterol; CREA = creatinine; GLU = glucose; 
IQR = interquartile range; RBC = red blood cell count; RI = reference interval; TT4 = total thyroxine; TRI = triglycerides
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The median age of diabetic cats in this study popu-
lation, 12 years, is comparable to previous reports and 
further supports increasing age as a risk factor.2,4–8 There 
were more males (5071, 59.4%) than females (3470, 40.6%) 
within the diabetic study population; however, based on 
Cramér V, this difference was of negligible effect size and 
therefore not relevant. This is in contrast to various pre-
vious reports, where male sex was identified as a risk 
factor for DM in cats.1,3,5,6,8–10 To the authors’ knowledge, 
Cramér V was not determined previously; however, in 
most reports, the percentages of male diabetic cats were 
in the range of 62.6–85%, considerably higher than in our 
study.1,3,5,10

Regarding the effect of neuter status on diabetes risk, 
contradictory information exists. While some studies 
found an increased risk of DM in neutered cats regardless 
of sex,1 others did not.5 In the present study, neutered cats 
were not significantly overrepresented among diabetics. 
Weight gain after neutering38–40 has been discussed as the 
reason for an increased risk of DM in neutered animals, 
with obesity being a well-known risk factor for DM.1–3,5,10 
In a small experimental study, however, although neu-
tered animals gained weight, this had minimal effects on 
the indices of glucose tolerance,41 indicating that neuter-
ing alone might not substantially impact the risk of DM 
development. Indeed, multiple risk factors for DM in cats 
exist, including obesity2,5,6,10 and older age,5,6 as discussed 
above, as well as reduced physical activity/indoor con-
finement1,10 and in some studies also feeding dry food.10 
These factors likely interact; therefore, it is difficult to 
estimate the impact of a single variable such as sex on DM 
risk in an individual cat.

Another objective of this study was to describe clin-
icopathological abnormalities in diabetic cats and their 
association with poorly controlled DM. As expected, 
glucose concentration was higher in D cats when com-
pared with ND cats, and in PD when compared with WD. 
Although significant differences between D and ND as 
well as between WD and PD were also detected for the 
remaining tested variables, few differences were consid-
ered relevant based on effect sizes and medians outside 
(above) the RI. PD cats had increased CHOL, TRI and 
AP, with medium effects sizes, indicating a relevant dif-
ference between PD and WD. Although the median for 
CHOL lay above RI in ND cats too, TRI and AP were not 
increased in this group. The reason for increased CHOL in 
ND cats cannot be established from a retrospective analy-
sis of laboratory data, but the combination of increased 
CHOL, TRI and AP in PD cats could suggest the presence 
of hepatic lipidosis,12 which has been described to occur 
in DM cats.42 This combination of laboratory findings has 
been described in the literature to commonly occur in 
diabetic cats,9,11–14 but their association with poor diabetic 
control has not been reported; however, to the authors’ 
knowledge, this has not yet been specifically examined. 

On the other hand, no clinically relevant increase in bili-
rubin was detected in this study. Although hyperbiliru-
binaemia in addition to increased AP and/or ALT is a 
common finding in hepatic lipidosis, its absence does 
not exclude the disease.42 Interestingly, in one study, dia-
betic cats with higher cholesterol were also less likely to 
develop diabetic remission, which fits with our findings 
of higher cholesterol in PD cats.43

An interesting finding in this study was the increased 
frequency of azotaemia (creatinine >250 µmol/l, indi-
cating IRIS stage 3 or higher)26 in WD compared with 
PD cats. In humans, so-called diabetic nephropathy with 
proteinuria is one of the feared complications of DM.44,45 
Currently, there is no evidence for diabetic nephropathy 
in cats,46 and a clear link between DM and chronic kid-
ney disease (CKD) could not be established in previous 
investigations.46,47 One study identified shorter survival 
in diabetic cats with higher creatinine concentrations at 
DM diagnosis.48 In the present study using laboratory 
submissions, the time of DM diagnosis and survival was 
unknown and the reason for the higher proportion of cats 
with azotaemia in WD in comparison with PD could not 
be determined. Future studies are needed to assess this 
finding, ideally in a prospective manner.

Medians of TT4 were within the RI in both PD and 
WD cats, but 5.6% and 1.2% of cats with WD and PD, 
respectively, had TT4 above the RI, indicating uncon-
trolled hyperthyroidism. Other studies reported that 
approximately 4.5% of diabetic cats suffer from concur-
rent hyperthyroidism,49 which is similar to this inves-
tigation. However, because of the study design (lack of 
clinical information), we were only able to detect cats with 
uncontrolled hyperthyroidism. Cats with hyperthyroid-
ism controlled by antithyroid drugs or other treatment 
options could not be identified, likely underestimating 
the true prevalence of hyperthyroidism in this popula-
tion of D cats based on laboratory submissions. The lower 
proportion of cats with uncontrolled hyperthyroidism 
among the PD cats might also be the result of the effect of 
non-thyroidal illness (ie, DM in this study).50

The main limitation of this study is its retrospective 
character and the use of laboratory data with no clinical 
information available. The diagnosis of DM therefore 
relied on serum fructosamine alone, and this parameter 
can be falsely decreased in cats with hypoproteinae-
mia51 or hyperthyroidism,52 and can also be within RI 
in diabetic cats with tight glycaemic control.37 In dogs, 
fructosamine concentration can be falsely increased in 
hypothyroidism,53 but this condition is extremely rare 
in cats54 and it is unlikely that it has had any meaning-
ful impact on the results of the present study. Other 
conditions leading to falsely increased fructosamine 
concentrations have not been identified by a search of 
the literature. Given the large sample size in our study, 
the number of falsely classified cats is likely negligible. 
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Unfortunately, as a result of the effect of stress, hyper-
glycaemia is not a reliable indicator of DM in cats,55 and 
could not be used to identify diabetic cats misclassified 
by fructosamine.

A further limitation is that glycaemic control could 
only be assessed on the basis of fructosamine concentra-
tion. This would ideally be judged based on assessment of 
clinical signs;23,24 however this information was not avail-
able because of the study design. A single study using 
laboratory submissions to assess feline pancreatic lipase 
(fPLI) in diabetic cats also made use of fructosamine to 
assess the quality of glycaemic control.56 Although that 
study attempted to obtain clinical information using 
questionnaires, such information could only be obtained 
in a proportion of cats. In the present study, information 
on clinical signs could not be acquired as anonymised 
data was provided by Antech Lab Germany, in alignment 
with data protection, therefore submitting veterinarian or 
cat owners could not be contacted. In addition, contact-
ing over 100,000 veterinarians or owners would not have 
been possible and information collected retrospectively 
might not have been recalled correctly.

Another limitation is that it is not known whether 
cats were fasted before blood sampling and postpran-
dial hyperlipidaemia might have affected the results. 
This might have contributed to hypercholesterolaemia 
detected in both D and ND cats; however, postprandial 
hypertriglyceridaemia would also be expected,57 but was 
not present in this study, making the effect of feeding 
less likely. Furthermore, diseases other than DM might 
have impacted the observed laboratory changes (CHOL, 
TRI and AP). However, the diseases that might impact 
those parameters in cats are either rare (hypothyroid-
ism, Cushing’s disease)57,58 or uncommon (cholangio-
hepatitis)59 and therefore unlikely to have occurred at 
any higher frequency in the present study. The effect of 
hepatic lipidosis secondary to disease other than DM can-
not be excluded.

In addition, given the cross-sectional study design and 
lack of clinical data, the effect of prerenal causes (ie, dehy-
dration) on creatinine concentration cannot be ruled out, 
and the cut-offs were purely chosen based on their clini-
cal utility and not to claim that the cats truly had IRIS 3 
or 4 CKD. For staging, at least two creatinine values in a 
stable, well-hydrated patient would have been needed.26

Conclusions
To the authors’ knowledge, the present study is the 
first large investigation of DM-associated laboratory 
changes in a large laboratory convenience sample. 
The age of German diabetic cats (median 12 years) in 
this study using laboratory submissions was similar 
to other previously reported populations, but male 
and neutered cats were not overrepresented. Similar to 

information provided in book chapters based mainly on 
experts’ opinions, clinicopathological abnormalities in 
diabetic cats identified in the present large-scale study 
were mild. The most relevant findings were hypercho-
lesterolaemia, hypertriglyceridaemia and increased AP 
in PD cats, which could suggest the presence of hepatic 
lipidosis in this group. Laboratory reassessment might 
be indicated after the stabilisation of DM, because any 
clinicopathological changes were more common in 
poorly-controlled diabetic cats.
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