Received: 19 May 2020

Accepted: 5 February 2021

DOI: 10.1111/jvim.16079

STANDARD ARTICLE

Journal of Veterinary Internal Medicine AC\?” M
" Amaicn Collegeof_

American College of
Veterinary Internal Medicine

Influence of endocrine disease on I-lactate concentrations in

blood of ponies

Bettina Dunkel® |

Department of Clinical Science and Services,
The Royal Veterinary College, North Mymmes,
United Kingdom

2Research Support Office, The Royal
Veterinary College, North Mymms, United
Kingdom

Correspondence

Bettina Dunkel, The Royal Veterinary College,
North Mymms, Herts AL9 7TA,

United Kingdom.

Email: bdunkel@rvc.ac.uk

Edward J. Knowles® | Yu-Mei Chang? |

Nicola J. Menzies-Gow?

Abstract

Background: Blood I-lactate concentrations are higher in people with developing or
established diabetes mellitus and insulin resistance.

Objectives: To investigate whether blood |-lactate concentrations are positively cor-
related with measures of insulin dysregulation (ID) or increased autumnal ACTH con-
centrations in ponies.

Animals: Systemically healthy client-owned ponies (n = 101).

Methods: Prospective case-control study. Blood samples were obtained from
101 clinically healthy ponies. Breed, weight, height, and subjective and objective
measures of body condition were recorded. Blood I-lactate, glucose, triglyceride, total
adiponectin, and ACTH concentrations were measured and an oral sugar test (OST)
was carried out. Correlations between blood I-lactate and variables of endocrine
health were determined.

Results: Using a seasonal cutoff point of ACTH concentrations >47 pg/mL, 55 ponies
had increased autumnal ACTH concentrations and 45 did not. Using a basal insulin con-
centration of >50 piU/mL, 42 ponies were diagnosed with ID and 58 were not. Using a
60 minutes after OST cutoff point of >45 piU/mL, 57 ponies had ID and 37 did not.
Blood I-lactate concentrations were significantly lower in obese (average body condition
score > 7/9) compared to nonobese ponies (0.6 mmol/L; range, 0.0-1.9 mmol/L vs
0.8 mmol/L; range, 0.3-2.7 mmol/L; P = .01). No other significant correlations were
detected. No differences were detected between ponies with and without increased
autumnal ACTH concentrations (0.7 mmol/L; range, 0.0-2.7 mmol/L vs 0.7 mmol/L;
range, 0.3-1.8 mmol/L; P = .84) and with and without ID (0.7 mmol/L; range,
0.3-2.7 mmol/L vs 0.8 mmol/L; range, 0.0-1.6 mmol/L; P = .63).

Conclusions and Clinical Importance: Results do not support an effect of endocrine

status on |-lactate concentrations in blood of ponies.
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adiposity, equine, insulin resistance, I-lactate metabolism, pituitary pars intermedia
dysfunction
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1 | INTRODUCTION

The metabolism of glucose and I-lactate is tightly linked through the
Cori cycle. |I-Lactate is an important gluconeogenic precursor as it can
be converted first into pyruvate and then glucose via gluconeogene-
sis.! The reverse is also possible with glucose being converted into |-
lactate from the reduction of pyruvate via lactate dehydrogenase
under aerobic or anaerobic conditions.? There is a tight correlation
between both metabolites in critically ill people and horses.®* In criti-
cal illness, inflammatory mediator and catecholamine release are
responsible for insulin resistance and excessive glycolysis, both con-
tributing to hyperglycemia and hyperlactatemia.” However, endocrine
diseases that affect the insulin sensitivity of tissues can also influence
glucose and I-lactate metabolism. Adipose tissue is thought to play an
important role in supplying I-lactate® and I-lactate is a signaling mole-
cule with autocrine, paracrine, and endocrine-like effects. In people,
higher blood I-lactate concentrations occur in association with obesity
and type 2 diabetes. Not only are blood I-lactate concentrations
higher in patients with type 2 diabetes, but they also predict the
occurrence of diabetes.”*? In people with diabetes and insulin resis-
tance, hyperinsulinemia leads to increased glycolysis which in turn
results in enhanced pyruvate production followed by exaggerated
conversion of pyruvate to I|-lactate.” I-Lactate concentrations there-
fore reflect the state of cellular metabolism, and increased concentra-
tions are thought to be an early signal of emerging or established
insulin resistance.”

While diabetes mellitus is comparatively rare in equids, other
endocrine diseases such as pituitary pars intermedia dysfunction
(PPID) and insulin dysregulation (ID) are common. Hyperinsulinemia
can be a feature of both, PPID and ID. Hyperglycemia and diabetes
mellitus can occur as a consequence of PPID and ID in horses.*>13
Blood I-lactate concentrations are higher in ponies with gastrointesti-
nal disease when compared to horses but an underlying reason for
this finding is not established.'* It is possible that a decreased sensi-

tivity to insulin, which occurs in ponies,*>1¢

or underlying endocrine
diseases could contribute to the increased blood I|-lactate concentra-
tions observed in ponies.***7 If blood I-lactate concentrations are
higher in ponies with endocrine disease compared to ponies without
evidence of an endocrine disorder, this might be a useful early marker
of developing endocrine disease, similar to people.

The study tested the hypotheses that blood I-lactate concentra-
tions are associated with measures of endocrine disease in ponies and
are higher in ponies with increased autumnal ACTH concentrations or

ID than in animals with normal endocrine function.

2 | MATERIALS AND METHODS

The Clinical Research Ethics Board of the Royal Veterinary College
granted ethical approval for this study. Blood samples from ponies
(<148 cm; 14.2 hands) were obtained in autumn as part of an ongoing
study (Home Office Project License [70/8195]) into predicting factors
for development of laminitis in healthy not previously laminitic ponies.

N

None of the ponies showed clinical signs of endocrine disease. All ponies
were weighed and body condition scores (BCSs) were assigned for 6 dif-
ferent body regions (neck, withers, shoulder, ribs, loin, and tail head) on a
1 to 9 scale as previously described.® In brief, the individual descriptors
used in the original Henneke score were applied to each region and the
corresponding score was recorded for each region separately to account
for regional fat deposition. The mean BCS was also calculated.*?° Obe-
sity was defined as a mean BCS >7/9.2! Blood samples were collected
by jugular venepuncture into vacutainers containing sodium heparin,
potassium EDTA, or sodium fluoride/potassium oxalate as an anticoagu-
lant for the ongoing research project. Blood I-lactate concentrations were
measured immediately after blood collection in heparinized samples
using a hand-held point of care analyzer (NovaVet Statstrip Xpress Lac-
tate meter, Nova Biomedical, Waltham, Massachusetts). The analyzer is
manufactured for the European market by the same company that pro-
duces the Lactate Plus lactate meter (Nova Biomedical) and uses the
same technology. The Lactate Plus lactate meter has been validated for
use in horses.?? Plasma was chilled immediately to 4°C to 10°C and sep-
arated by centrifugation (2000g), divided into 1 mL aliquots, and then
stored at —80°C until analysis. Glucose measurements were performed
on stored sodium fluoride/potassium oxalate plasma using a standard
laboratory analyzer (Beckman Coulter AU680 Chemistry analyzer; High
Wycombe, UK). EDTA-anticoagulated plasma ACTH concentrations
were also measured using an immunofluorescence assay validated for
use in horses.?® An oral sugar test (OST) was performed by administering
0.3 mL/kg of Karo Light Corn syrup PO.24%> Ponies had access to pas-
ture but were not fed concentrates before the OST. Blood samples were
obtained before and 60 minutes after administration. Blood was col-
lected into clot activator vacutainer tubes. Blood was allowed to clot at
ambient temperature (approximately 20°C) and serum was separated by
centrifugation (2000g) on the day of collection, separated into 1 mL ali-
quots, kept at —20°C for short-term storage and at —80°C for long-term
storage. The time points for blood sampling were chosen as previous
studies showed earlier peaks in blood glucose concentrations in ponies
than horses.? Insulin concentrations were measured in serum by radio-
immunoassay (MP biomedical assay, MP Biomedicals SARL, lllkirch-
Grafenstaden, France) which has been previously investigated in
horses.?”?® Basal insulin concentrations >50 pU/mL and/or serum insulin
concentrations >45 pU/mL 60 minutes after OST were used to diagnose
ID.?? A seasonally adjusted ACTH concentration >47 pg/mL was used as
a cutoff point for increased autumnal ACTH concentrations as suggested
in a study using the same methodology.*° As second seasonal threshold
of >76 pg/mL, again established using the same methodology, was also
investigated.3! Animals <1 year of age were excluded from the study.
Total adiponectin and triglyceride concentrations were measured in

plasma using a commercially available assays.

21 | Statistical analysis

Data were analyzed using a commercially available software pro-
gramme (SPSS version 24 SPSS, Inc, Chicago, lllinois). Normality of the
data were assessed using the Shapiro-Wilk test. All data were non-
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FIGURE 1 Scatter plots showing I-lactate concentrations (x-axis)

and measures of endocrine health (y-axis; A-F). The y-axis is shown in
a log scale in (B), (C), (D), and (F). Insulin concentration was measured
60 minutes (t60) after administration of 0.3 mL/kg Karo Light Corn
syrup. Results of a bivariate Spearman's correlation (r) are included in
the corresponding graphs. Statistical significance was set at P < .05

e e

normally distributed and are expressed as median and range (minimum
to maximum) and numbers and percentages for categorical data. Blood
|-lactate concentrations were compared between obese and lean
ponies and between ponies with and without increased autumnal
ACTH concentrations and with and without ID. To account for the
inherent difficulties with using single cutoff points, blood I-lactate and
glucose concentrations were also compared between the first and
fourth quartiles of ACTH and insulin t60 concentrations to capture
possible difference between the extreme cases. Comparison between
groups was done by Mann-Whitney U test (non-normally distributed
continuous variables). The correlation between blood I-lactate and glu-
cose, triglyceride, total adiponectin and ACTH concentrations and
basal and tgo insulin concentrations were evaluated using bivariate
Spearman's correlation (r) and scatter plots were generated. Statistical

significance was set at P < .05.

3 | RESULTS

One hundred and one ponies comprised of 68 geldings and 33 mares
with a median age of 11 years (range, 5-27 years) were included in the
study. The median BCS was 6 (range, 3-8). All regional BCSs were
either the same as the average BCS or 1 score above or below; only
1 pony deviated by 2 scores from the average (average BCS 7; regional
score neck 5 and ribs 9). Blood I|-lactate concentrations and measures
of endocrine status are displayed in Table 1; results of correlations
between blood I-lactate concentrations and these variables are dis-
played in Figure 1. Blood I-lactate concentrations did not correlate
with any of the investigated variables. All ponies diagnosed with ID
based on basal insulin measurements were also positive at for ID at
t60. Correlations between blood I-lactate concentrations, age, and
average BCS in these ponies have been published previously.>? Corre-
lation results did not differ when regional or the average BCSs were
used. Blood I-lactate concentrations were statistically significantly
lower in obese ponies compared to nonobese animals (0.6 mmol/L;
range, 0.0-1.9 mmol/L vs 0.8 mmol/L; range, 0.3-2.7 mmol/L; P = .01).
Median blood I-lactate concentrations for both groups remained
within the reference range and the biological relevance of this finding
is questionable. No significant differences were detected between
ponies with and without increased autumnal ACTH concentrations
and with and without ID (Table 1). Increasing the ACTH threshold to
>76 pg/mL for the diagnosis of increased autumnal ACTH concentra-
tions did not change the results for blood I-lactate concentrations
(0.7 mmol/L [0.0-2.7 mmol/L] vs 0.7 mmol/L [0.3-1.9 mmol/L];
P = .28). Blood I-lactate concentrations were also not significantly dif-
ferent between the first and fourth quartiles of ACTH concentrations
(0.7 mmol/L [0.3-1.3 mmol/L] vs 0.7 mmol/L [0.3-1.9 mmol/L];
P =.82) and insulin t60 concentrations (0.8 mmol/L [0-1.5 mmol/L] vs
0.65 mmol/L [0.3-1.9 mmol/L]; P = .29). Significant differences for glu-
cose concentrations were detected between the extreme quartiles of
ACTH (4.4 mmol/L [3.9-5.5 mmol/L] vs 4.7 mmol/L [4.0-5.4 mmol/L];
P = .03) and insulin t60 concentrations (4.3 mmol/L [3.9-5.4 mmol/L]
vs 4.8 mmol/L [4.2-5.4 mmol/L]; P = .002). The median ACTH and

insulin t60 concentration of the first quartile were 36 pg/mL
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(22-40 pg/mL) and 25pU/mL  (9-35pU/mL) and 136 pg/mL
(96-506 pg/mL) and 117 pU/mL (82-482 pU/mL) for the fourth
quartile.

4 | DISCUSSION
The study did not identify any correlation between blood I-lactate
concentrations and the investigated measures of endocrine health
and blood I-lactate concentrations were not different between ponies
with and without increased autumnal ACTH concentrations and with
and without ID. In type 2 diabetic patients, |-lactate concentrations
are positively associated with body weight, body mass index, triglycer-
ide and insulin concentrations and negatively associated with
adiponectin concentrations.® There is a decreased insulin sensitivity in
overweight and obese horses and ponies and also in a subset of ani-
mals with PPID.333* A similar association between obesity, ID, and
increased blood I-lactate concentrations could therefore be present in
equids leading to the hypotheses that blood I-lactate concentrations
are higher in ponies with increased autumnal ACTH concentrations or
evidence of ID and would correlate with measures of endocrine
health.3>3¢ However, contrary to findings in people, a negative corre-
lation between I-lactate concentrations and average BCS®? was
detected in ponies in the present study and no correlation with base-
line insulin, insulin concentrations 60 minutes after an OST,
adiponectin, triglycerides, or ACTH concentrations could be
established. There might be several explanations why results of our
study did not support the hypotheses. Steroid hormones appear to
have a major influence on I-lactate metabolism and free cortisol con-
centrations are increased in overweight and obese equids.>” Adminis-
tration of exogenous corticosteroids to cardiac surgery patients and
healthy horses decreased insulin sensitivity and increased blood
glucose and |-lactate concentrations.3>%® In the study involving human
cardiac patients, increased blood I-lactate concentrations appeared to be
dependent on the presence of hyperglycemia.®® Although a positive
relationship between blood glucose and I-lactate concentrations was
identified and increases in both variables were timely associated in the
study in horses, it could not be determined whether hyperglycemia was
a prerequisite for the development of hyperlactatemia.3®

All ponies in our study were clinically healthy and hyperglycemia
was not detected in any of the ponies. This suggests that any endo-
crine abnormalities were well compensated and not severe enough to
result in clinical signs. There was, therefore, no or only a limited effect
on blood glucose concentrations. This could explain why no correla-
tions between endocrine measures and blood I-lactate concentrations
were detected in our study if increased glucose concentrations are
the link between the 2 measurements. A small but significant differ-
ence between glucose concentrations was noted in ponies with and
without ID and when comparing the first and last quartile of ACTH
and insulin t60 concentrations. Investigating blood I-lactate concen-
trations in clinically symptomatic animals with more advanced endo-

crine disease such as PPID or equine metabolic syndrome might

therefore reveal different results. However, research in people sug-
gests that not hyperglycemia but hyperinsulinemia and early meta-
bolic changes on a cellular level are responsible for increasing |-lactate
concentrations even before clinical signs develop.”

In our study, a single ACTH concentration was used to classify
animals as having or not having increased autumnal ACTH concentra-
tions using a previously established seasonal cutoff point from a study
that used the same methodology.2° While this approach is commonly
used in daily equine practice,?! use of a dynamic test to classify ani-
mals might have provided a more standardized approach.®’ It is also
possible that the study was underpowered to detect subtle differ-
ences in I-lactate concentrations. Although subject numbers were sim-

40-42 most of these studies preselected the

ilar in studies in people,
study subjects based on a known body mass and endocrine status. In
the current study, clinically healthy ponies with no history of laminitis
were selected without preselecting animals for body condition or prior
knowledge of their endocrine status. It is possible that inclusion of
more subjects or preselecting animals based on presence or absence
of obesity or endocrine disease would have shown different results. It
should also be acknowledged that measures of endocrine health were
only investigated in ponies in our study and it is possible that findings
in horses are different. However, based on this study it seems unlikely
that I-lactate concentrations are a useful marker for detection of early
or developing abnormalities. Only baseline I-lactate concentrations
were determined in our study but in contrast to people, no differences
in concentrations were found between ponies with and without
ID. Differences in glucose and insulin metabolism are frequently not
noticeable in a resting state but only become obvious after dynamic
response testing.2>¢ It is possible that continued measurements of |-
lactate concentrations during dynamic testing would have identified
increasing concentrations in ponies with ID.

ACKNOWLEDGMENT

No funding was received for this study.

CONFLICT OF INTEREST DECLARATION
Authors declare no conflict of interest.

OFF-LABEL ANTIMICROBIAL DECLARATION

Authors declare no off-label use of antimicrobials.

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

Approved by Clinical Research Ethics Board of the Royal Veterinary
College.

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

ORCID
Bettina Dunkel "2 https://orcid.org/0000-0003-2041-2144
Yu-Mei Chang "2 https://orcid.org/0000-0001-6388-9626


https://orcid.org/0000-0003-2041-2144
https://orcid.org/0000-0003-2041-2144
https://orcid.org/0000-0001-6388-9626
https://orcid.org/0000-0001-6388-9626

DUNKEL ET AL.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Baltazar F, Afonso J, Costa M, Granja S. Lactate beyond a waste
metabolite: metabolic affairs and signaling in malignancy. Front Oncol.
2020;10:231.

Yang WH, Park H, Grau M, et al. Decreased blood glucose and lactate:
is a useful indicator of recovery ability in athletes? Int J Environ Res
Public Health. 2020;17:5470-5486.

Revelly JP, Tappy L, Martinez A, et al. Lactate and glucose metabolism
in severe sepsis and cardiogenic shock. Crit Care Med. 2005;33:2235-
2240.

Dunkel B, Mason CJ, Chang CY. Association between admission
blood glucose and L-lactate concentrations in ponies and horses
with gastrointestinal disease. J Vet Emerg Crit Care. 2019;29:
418-423.

Green JP, Berger T, Garg N, et al. Hyperlactatemia affects the associa-
tion of hyperglycemia with mortality in nondiabetic adults with sepsis.
Acad Emerg Med. 2012;19:1268-1275.

Ishitobi M, Hosaka T, Morita N, et al. Serum lactate levels are associ-
ated with serum alanine aminotransferase and total bilirubin levels in
patients with type 2 diabetes mellitus: a cross-sectional study. Diabe-
tes Res Clin Pract. 2019;149:1-8.

Berhane F, Fite A, Daboul N, et al. Plasma lactate levels increase dur-
ing hyperinsulinemic euglycemic clamp and oral glucose tolerance
test. J Diabetes Res. 2015;2015:102054.

Crawford SO, Hoogeveen RC, Brancati FL, et al. Association of blood
lactate with type 2 diabetes: the atherosclerosis risk in communities
carotid MRI study. Int J Epidemiol. 2010;39:1647-1655.

Ohlson LO, Larsson B, Bjorntorp P, et al. Risk factors for type 2 (non-
insulin-dependent) diabetes mellitus. Thirteen and one-half years of
follow-up of the participants in a study of Swedish men born in 1913.
Diabetologia. 1988;31:798-805.

Juraschek SP, Selvin E, Miller ER, et al. Plasma lactate and diabetes
risk in 8045 participants of the atherosclerosis risk in communities
study. Ann Epidemiol. 2013;23:791-796.

Juraschek SP, Shantha GP, Chu AY, et al. Lactate and risk of incident
diabetes in a case-cohort of the atherosclerosis risk in communities
(ARIC) study. PLoS One. 2013;8:e55113.

Durham AE. Endocrine disease in aged horses. Vet Clin North Am
Equine Pract. 2016;32:301-315.

Spelta CW. Equine pituitary pars intermedia dysfunction: current
perspectives on diagnosis and management. Vet Med. 2015;6:
293-300.

Dunkel B, Kapff JE, Naylor RJ, Boston R. Blood lactate concentrations
in ponies and miniature horses with gastrointestinal disease. Equine
Vet J. 2013;45:666-670.

Jeffcott LB, Field JR, McLean JG, et al. Glucose tolerance and insulin
sensitivity in ponies and Standardbred horses. Equine Vet J. 1986;18:
97-101.

Bamford NJ, Potter SJ, Harris PA, Bailey SR. Breed differences in
insulin sensitivity and insulinemic responses to oral glucose in horses
and ponies of moderate body condition score. Domest Anim
Endocrinol. 2014;47:101-107.

Bamford NJ, Potter SJ, Baskerville CL, Harris PA, Bailey SR. Effect of
increased adiposity on insulin sensitivity and adipokine concentra-
tions in different equine breeds adapted to cereal-rich or fat-rich
meals. Vet J. 2016;214:14-20.

Henneke DR, Potter GD, Kreider JL, et al. Relationship between con-
dition score, physical measurements and body fat percentage in
mares. Equine Vet J. 1983;15:371-372.

Kohnke J. Feeding and Nutrition - The Making of a Champion. Pymble,
Australia: Birubi Pacific; 1992:163-166.

Morrison PK, Harris PA, Maltin CA, Grove-White D, Argo CMG.
EQUIFAT: a novel scoring system for the semi-quantitative evalua-
tion of regional adipose tissues in Equidae. PLoS One. 2017;12:
e0173753.

Journal of Veterinary Internal Medicine AC\?/I M | 1587

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

American College of

feterinary Internal Medicine
Dugdale AH, Curtis GC, Harris PA, et al. Assessment of body fat in
the pony: part I. Relationships between the anatomical distribution of
adipose tissue, body composition and body condition. Equine Vet J.
2011;43:552-561.
Hauss AA, Stablein CK, Fisher AL, Greene HM, Nout-Lomas YS. Vali-
dation of the lactate plus lactate meter in the horse and its use in a
conditioning program. J Equine Vet. 2014;34:1064-1068.
Irvine KL, Burt K, Hill AJ, Shaw S, Papasouliotis K. Initial analytic qual-
ity assessment and method comparison of an immunoassay for adre-
nocorticotropic hormone measurement in equine samples. Vet Clin
Pathol. 2016;45:154-163.
Knowles EJ, Harris PA, Elliott J, Menzies-Gow NJ. Use of the oral
sugar test in ponies when performed with or without prior fasting.
Equine Vet J. 2017;49:519-524.
Jocelyn NA, Harris PA, Menzies-Gow NJ. Effect of varying the dose
of corn syrup on the insulin and glucose response to the oral sugar
test. Equine Vet J. 2018;50:836-841.
Smith S, Harris PA, Menzies-Gow NJ. Comparison of the in-feed
glucose test and the oral sugar test. Equine Vet J. 2016;48:
224-227.
Borer-Weir KE, Bailey SR, Menzies-Gow NJ, Harris PA, Elliott J. Eval-
uation of a commercially available radioimmunoassay and species-
specific ELISAs for measurement of high concentrations of insulin in
equine serum. Am J Vet Res. 2012;73:1596-1602.
Warnken T, Huber K, Feige K. Comparison of three different
methods for the quantification of equine insulin. BMC Vet Res.
2016;12:196.
Durham AE, Frank N, McGowan CM, et al. ECEIM consensus state-
ment on equine metabolic syndrome. J Vet Intern Med. 2019;33:
335-349.
Copas VE, Durham AE. Circannual variation in plasma adrenocortico-
tropic hormone concentrations in the UK in normal horses and
ponies, and those with pituitary pars intermedia dysfunction. Equine
Vet J. 2012;44:440-443.
Durham AE, Clarke BR, Potier JFN, Hammarstrand R, Malone GL.
Clinically and temporally specific diagnostic thresholds for plasma
ACTH in the horse. Equine Vet J. 2021;53:250-260.
Dunkel B, Knowles EJ, Chang YM, Menzies-Gow NJ. Correlation
between I-lactate and glucose concentrations and body condition
score in healthy horses and ponies. J Vet Intern Med. 2019;33:2267-
2271.
McFarlane D. Equine pituitary pars intermedia dysfunction. Vet Clin
North Am Equine Pract. 2011;27:93-113.
Frank N, Tadros EM. Insulin dysregulation. Equine Vet J. 2014;46:
103-112.
Mizen K, Woodman J, Boysen SR, et al. Effect of dexamethasone on
resting blood lactate concentrations in horses. J Vet Intern Med. 2017,
31:164-169.
Brennan KM, Urschel KL. Recovery of insulin sensitivity in mature
horses after a 3 week course of dexamethasone therapy. Equine Vet J.
2014;46:718-721.
Hart KA, Wochele DM, Norton NA, McFarlane D, Wooldridge AA,
Frank N. Effect of age, season, body condition, and endocrine status
on serum free cortisol fraction and insulin concentration in horses.
J Vet Intern Med. 2016;30:653-663.
Ottens TH, Nijsten MW, Hofland J, et al. Effect of high-dose dexa-
methasone on perioperative lactate levels and glucose control: a ran-
domized controlled trial. Crit Care. 2015;19:41.
McFarlane D. Diagnostic testing for equine endocrine diseases: con-
firmation versus confusion. Vet Clin North Am Equine Pract. 2019;35:
327-338.
Jones TE, Pories WJ, Houmard JA, et al. Plasma lactate as a marker of
metabolic health: implications of elevated lactate for impairment of
aerobic metabolism in the metabolic syndrome. Surgery. 2019;166:
861-866.



1588 | Journal of Veterinary Internal Medicine AC\?/IM

41.

42.

DUNKEL ET AL.

American Colegeof
Bervoets L, Massa G, Guedens W, et al. Identification of metabolic
phenotypes in childhood obesity by *H NMR metabolomics of blood
plasma. Future Sci OA. 2018;4:FSO310.

Williams RS, Heilbronn LK, Chen DL, Coster ACF, Greenfield JR,
Samocha-Bonet D. Dietary acid load, metabolic acidosis and insulin
resistance - lessons from cross-sectional and overfeeding studies in
humans. Clin Nutr. 2016;35:1084-1090.

How to cite this article: Dunkel B, Knowles EJ, Chang Y-M,
Menzies-Gow NJ. Influence of endocrine disease on I|-lactate
concentrations in blood of ponies. J Vet Intern Med. 2021;35:
1582-1588. https://doi.org/10.1111/jvim.16079



https://doi.org/10.1111/jvim.16079

	Influence of endocrine disease on l-lactate concentrations in blood of ponies
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	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


