
Citation: Gori, E.; Gianella, P.; Lippi,

I.; Marchetti, V. Retrospective

Evaluation of Gastrointestinal Signs

in Hypothyroid Dogs. Animals 2023,

13, 2668. https://doi.org/10.3390/

ani13162668

Academic Editor: Robert Li

Received: 10 May 2023

Revised: 2 August 2023

Accepted: 17 August 2023

Published: 19 August 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

animals

Article

Retrospective Evaluation of Gastrointestinal Signs in
Hypothyroid Dogs
Eleonora Gori 1 , Paola Gianella 2 , Ilaria Lippi 1,* and Veronica Marchetti 1

1 Veterinary Teaching Hospital “Mario Modenato”, Department of Veterinary Sciences, University of Pisa, Via
Livornese Lato Monte, 56122 Pisa, PI, Italy; eleonora.gori@unipi.it (E.G.); veronica.marchetti@unipi.it (V.M.)

2 Department of Veterinary Medical Sciences, University of Turin, Largo Paolo Braccini 2,
10095 Grugliasco, TO, Italy; paola.gianella@unito.it

* Correspondence: ilaria.lippi@unipi.it

Simple Summary: Gastrointestinal signs are reported in humans with hypothyroidism, and reso-
lution of GI signs was reported with thyroid hormone supplementation; however, GI involvement
in the clinical presentation of dogs with hypothyroidism has not been investigated over the past
decades. Our study aimed to fill this scientific gap, evaluating the prevalence and characteristics of
concurrent gastrointestinal signs in hypothyroid dogs, describing laboratory and ultrasonographic
findings and analyzing gastrointestinal signs after thyroid replacement therapy. Approximately
45% of hypothyroid dogs had gastrointestinal signs, especially constipation and diarrhea. At the
abdominal ultrasound, gallbladder disease was present in more hypothyroid than euthyroid dogs.
Finally, all hypothyroid dogs had a significant improvement in gastrointestinal signs after thyroid
therapy. Our results, especially the improvement in clinical intestinal signs following thyroid therapy,
support the association between gastrointestinal signs and hypothyroidism.

Abstract: Few observations about gastrointestinal (GI) signs in hypothyroid dogs (hypo-T dogs) are
available. We aimed to evaluate the prevalence and characteristics of concurrent GI signs in hypo-T
dogs, describe clinicopathological, hepato-intestinal ultrasound findings in hypo-T dogs, investigate
changes in GI signs after thyroid replacement therapy (THRT). Medical records of suspected hypo-T
dogs from two hospitals were retrospectively reviewed. The inclusion criteria were: (1) having
symptoms and clinicopathological abnormalities related to hypothyroidism (i.e., mild anemia, hy-
perlipemia); (2) not being affected by systemic acute disease; (3) not having received any treatment
affecting thyroid axis. Hypothyroidism had to be confirmed using low fT4 or TT4 with high TSH
and/or inadequate TSH-stimulation test response; otherwise, dogs were assigned to a euthyroid
group. Clinical history, GI signs, hematobiochemical parameters, and abdominal ultrasound findings
were recorded. Hypo-T dogs were assigned to the GI group (at least 2 GI signs) and not-GI group
(1 or no GI signs). Follow-up information 3–5 weeks after THRT was recorded. In total, 110 medical
records were screened: 31 dogs were hypo-T, and 79 were euthyroid. Hypo-T dogs showed a higher
prevalence of GI signs (44%), especially constipation and diarrhea (p = 0.03 and p = 0.001), than
euthyroid dogs (24%) (p = 0.04). Among hypo-T dogs, no difference in hematological parameters
between GI and non-GI groups was found. Hypo-T dogs had a higher prevalence of gallbladder
alterations than euthyroid dogs (20/25; 80% and 32/61; 52% p = 0.04). The hypo-T GI group showed a
significant improvement in the GI signs after THRT (p < 0.0001). Specific investigation for concurrent
GI diseases in hypo-T dogs was lacking; however, improvement in GI signs following THRT supports
this association between GI signs and hypothyroidism.
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1. Introduction

Hypothyroidism is one of the main endocrine disorders in dogs [1]. Lymphocytic
thyroiditis and idiopathic thyroid atrophy are the most common causes of this condition,

Animals 2023, 13, 2668. https://doi.org/10.3390/ani13162668 https://www.mdpi.com/journal/animals



Animals 2023, 13, 2668 2 of 10

and clinical signs appear following the destruction of 75% of glandular parenchyma [1]. The
most common clinical signs of hypothyroidism are related to decreased metabolic rate and
dermatological changes, while less frequent but well-documented clinical manifestations
include neurological, cardiovascular, and reproductive abnormalities [1]. In both human
and veterinary medicine, hypothyroidism is a well-known cause of alteration of multiple
gastrointestinal processes [1–3]. Patients can suffer mainly from constipation [3] as a result
of abnormal peristalsis [4] due to alterations of hormonal receptors and neuromuscular
disorders using mucopolysaccharides infiltration. However, chronic diarrhea has also been
reported as a consequence of increased bacterial growth due to intestinal hypomotility [5–7].
Thyroid hormones are involved in several intestinal processes. In fact, the homeostasis
of the intestinal epithelium is influenced by the interaction between T3 and intestinal
thyroid receptors, specifically TR alpha 1 [8]. Human patients and experimental murine
models with a lack of exhibition of intestinal TRα show gross morphologic abnormalities
of intestinal epithelium and severe gastrointestinal symptoms [8]. Additionally, thyroid
hormones are effectively metabolized to glucuronidated iodothyronines (T3G and T4G),
which are rapidly eliminated through the intestine. Once in the intestine, T3G and T4G can
be hydrolyzed back to T3 and T4 by the intestinal microbiota itself, suggesting that T3G
and T4G serve as an intestinal thyroid hormone reservoir [8].

In human medicine, subclinical hypothyroidism may be associated with an increased
risk of developing liver disease [3,9], especially Non-Alcoholic Fatty Liver Disease and fibro-
sis [10]. The increased risk of liver disease in hypothyroid patients has been associated with
different mechanisms, such as dyslipidemia and higher body mass index, lack of intrahep-
atic lipolysis induced by thyroid hormones, decreased triglyceride clearance and increased
hepatic accumulation of triglycerides, and lipogenesis induced by hypothyroidism-related
insulin resistance [11]. In dogs, hypothyroidism has been reported as one of the differentials
for glycogen-type vacuolar hepatopathy, defined as a reversible hepatocellular cytosolic
vacuolation [12]. In addition, “hypothyroid hepatopathy” is described as a consequence of
decreased circulating thyroid hormones; this can affect hepatic metabolism and cholesterol
turnover in the liver [13]. On the other hand, gallbladder abnormalities are promoted by
three different mechanisms: a decrease in bilirubin excretion rate due to lower activity
of bilirubin UDP-glucuronyltransferase, impairing hepatic bilirubin metabolism, hyperc-
holesterolemia, and hypotonia of the gallbladder causing delayed emptying of the biliary
tract [14,15]. These mechanisms are also hypothesized in dogs, where an association with
gallbladder abnormalities, specifically gallbladder mucocele, has been highlighted [16].

In humans, most of the gastrointestinal alterations often resolve with treatment of the
underlying thyroid disease, thus confirming the hypothesis of a causal relationship [3,17–19].
In veterinary medicine, although often reported in textbooks [20], information regarding
GI signs in hypo-T dogs is scarce [1,21–26]. An old and isolated experimental study
demonstrated a decreased electrical and mechanical activity of the stomach and jejunum in
four Labrador retrievers that underwent complete thyroidectomy [21]. In hypoT-dogs, an
association with generalized, acquired megaesophagus has been reported. Polyneuropathy
or myopathy associated with hypothyroidism may be responsible for megaesophagus,
although the majority of reported cases did not show resolution of megaesophagus with
thyroid replacement therapy [1,21–23,27]. In a recent case report, complete resolution of
clinical and radiographic signs of megaesophagus was obtained with THRT [23]. Based
on these premises, this study aimed: (1) to evaluate the prevalence and characteristics of
concurrent GI signs in dogs with hypothyroidism, compared to a population of euthyroid
dogs; (2) to describe clinicopathological, intestinal and hepatic ultrasound findings in
these two groups; and (3) to analyze changes in the frequency of GI signs after THRT in a
population of hypo-T dogs.
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2. Materials and Methods

In this retrospective study, the electronic medical record database of all canine patients
admitted at two different Veterinary Teaching Hospitals (University of Pisa, 2009–2022;
and University of Turin, 2011–2022) was searched to identify dogs tested for hypothy-
roidism based on compatible clinical signs (e.g., increased body weight, weakness, lethargy,
exercise intolerance) and clinicopathological abnormalities (e.g., anemia, hyperlipemia,
increased liver enzymes). Only medical records of dogs that had an evaluation of thyroid
function were considered. The inclusion criteria for the classification of a dog as having
hypothyroidism (hypo-T) were the following: (1) having symptoms and clinicopathological
abnormalities related to the hypothyroidism that justify specific diagnostic tests; (2) hav-
ing the disease confirmed through low fT4 or TT4 values with high TSH values and/or
inadequate TSH-stimulation test response [24]; (3) not being affected by any systemic acute
disease [24]; (4) not having received any treatment affecting thyroid axis (e.g., glucocor-
ticoids, phenobarbital, amiodarone, phenylbutazone, sulfonamides, . . .) [24]. Dogs with
results of fecal flotation, complete hematobiochemical profile, serum folate, and cobalamin
concentrations, pancreatic specific lipase levels, serum basal cortisol, and C-reactive pro-
tein concentrations suggestive of extra-thyroidal diseases were ruled out. An inadequate
TSH-stimulation test response was confirmed by a pre- and post-TT4 concentration below
the reference range (<1.5 µg/dL) or a post-TT4 less than 1.5-fold the basal TT4 concentra-
tion [24]. A TSH-stimulation test was performed in any other case than concurrent high
TSH values and low ft4 or TT4 values (i.e., normal TSH + low fT4). Parameters of the
thyroid profile were assessed in different laboratories but using the same chemilumines-
cence methodology. Dogs that fulfilled the above inclusion criteria (compatible clinical and
hematological signs and specific thyroid function tests confirming hypo-T) were included
in the hypo-T dogs’ group. Dogs with clinical signs suggestive of hypo-T but normal or
incompatible specific thyroid function tests were assigned to the euthyroid group.

Information concerning the presence of GI signs, their characterization, and frequency
before and after 3 to 5 weeks of THRT was also recorded. Briefly, the following aspects
of GI signs were considered during the medical records review: (1) presence of vomiting
(frequency, duration, relationship with meal or water intake, appearance, presence or
absence of blood or bile) and/or nausea (refuse to eat, hypersalivation, chewing and search
and ingestion of grass) [28]. Based on its duration, vomiting was also differentiated into
acute (few days onset) or chronic (persistent for more than 1–2 weeks) [29]; (2) presence of
diarrhea [defined as an increased frequency (>3/die), and/or decreased consistency of feces
(fecal score 6–7/7; Purina Fecal scoring system; [30], and/or increased volume of feces [31].
Diarrhea was also distinguished, based on its duration in acute (few days onset) or chronic,
if persistent for more than 3 weeks or intermittently present for more than 3 weeks [31].
Based on diarrhea-associated clinical signs and appearance of feces, diarrhea was classified
as small bowel diarrhea (frequency of defecation: normal to mildly increased; fecal volume:
normal to increased; fecal mucus: usually absent; tenesmus, urgency: absent; weight
loss: common) and large bowel diarrhea (frequency of defecation: markedly increased;
fecal volume: decreased; fecal mucus: often present; tenesmus, urgency: often present;
weight loss: uncommon) [31]. If this distinction was not possible and dogs had signs of
both small and large bowel diarrhea, they were identified as “mixed diarrhea”; (3) the
presence of constipation was defined as infrequent or difficult defecation of dry and hard
stools [32]. Constipation criteria were frequency of defecation less than once a day, increased
consistency of stool (score of 1–2/7) (Purina Fecal Scoring System [32]); (4) presence of
flatulence; (5) episodes of abdominal pain connected to the GI sign.

Frequency of the above GI signs was graded from 0 to 5 points, based on Poncet et al.
study [33]: 0 (never/absent), 1-occasionally (less than 1 episode per month), 2-regularly
(once a week), 3-daily (once a day), 4-often (more than once a day) and 5-constantly.
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Based on the above-reported GI signs, dogs were then divided into two groups: the
non-GI group (dogs without GI signs or with only one GI sign) and the GI-group (dogs
with at least 2 GI signs). Subsequently, hematobiochemical analyses performed at the
time of the diagnosis of hypo-T were reviewed, and the presence of alterations commonly
associated with hypo-T was recorded: anemia, hypercholesterolemia, and hypertriglyc-
eridemia, increased liver enzymes (alanine aminotransferase, ALT; alkaline phosphatase,
ALP; gamma-glutamyltransferase, GGT) and total bilirubin (TBIL). In addition, serum
levels of total proteins (TP) and albumin (ALB) were recorded.

If available, abdominal ultrasound findings at the time of hypo-T diagnosis were
also reviewed, with particular attention to gastrointestinal and/or hepatic involvement.
Abdominal ultrasound was considered suggestive of intestinal disorder in case of abnormal
intestinal stratigraphy and thickness and/or alterations of mucosal echogenicity, associated
or not with mesenteric lymph node enlargement [34]. Ultrasound signs of hepatomegaly,
abnormal liver echogenicity, and/or gallbladder alteration, and the presence of echogenic
content within the gallbladder and dilation of the bile duct were considered suggestive
of liver disorder [35]. Data regarding general metabolic and GI signs collected at clinical
follow-up 3 to 5 weeks from the beginning of THRT were also reviewed. Dogs receiving
additional therapies or specific diets after THRT were excluded.

Statistical Analysis

Statistical analysis was performed using commercial statistical software (IBM SPSS
Statistics, version 25, IBM Corporation, New York, NY, USA). As reported above, the study
population was divided into GI and non-GI hypo-T dogs to evaluate the prevalence of GI
signs in the hypo-T dog population. Secondly, for the evaluation of hematobiochemical
alterations (presence/absence of anemia, increased liver enzymes, hypercholesterolemia,
hypoalbuminemia, hypoproteinemia, hypertriglyceridemia, and hyperbilirubinemia) and
abdominal ultrasound abnormalities (presence/absence of degenerative liver disease,
gallbladder sludge/mucocele, small and large bowel involvement) were compared between
GI and non-GI dogs, using Pearson Chi-square test or Fisher’s exact test. Finally, to
observe the trend of gastrointestinal signs in the GI group, pre- and post-THRT prevalence
of GI signs was compared using the McNemar test. A p-value < 0.5 was considered
statistically significant.

3. Results
3.1. Study Population

A total of 110 medical records of dogs with suspected hypothyroidism were initially
screened: 31 dogs filled the inclusion criteria and were considered hypo-T, 79 were con-
sidered euthyroid, and were used as a control group. Among hypo-T dogs, 21 showed
low T4 or fT4 and high TSH values. TSH stimulation test was performed in 10 dogs, 2 of
which underwent the TT4 and TSH evaluation. Of these latter two dogs, tT4 was 0.5 µg/dL
in both dogs, and TSH was 0.03 and 0.15 µg/dL, respectively. Among hypo-T dogs, 23
(74%) were females (20 spayed), and 8 (26%) were males (2 neutered). Median age was
9 years (range 1–15 years). Six dogs were mixed breed, and the remaining 25 dogs belonged
to various breeds: Golden Retriever and Cocker Spaniel (3 dogs each breed), Dachshund
and Miniature Schnauzer (2 dogs each breed), Akita Inu, Beagle, Border Collie, Epagneul
Breton, Cavalier King Charles Spaniel, Dobermann Pinscher, Galgo Espanyol, Lagotto
Romagnolo, Maltese, Shepherd Maremma, Pinscher, English Setter, Italian Spinone, and
English Springer Spaniel (1 dog each breed).

The control group of euthyroid dogs was composed of 79 dogs, 62 of which (79%) were
females (53 spayed), and 17 were males (5 neutered). Median age was 9.9 years (range
0.4–20 years). Twenty-eight dogs were mix-breed, whereas the remaining 51 dogs were
purebreds: Cavalier King Charles spaniel and German Shepherd (5 dogs each), Labrador
Retriever, Miniature Schnauzer, Golden Retriever (4 dogs each), Poodle and Jack Russel
Terrier (3 dogs each), West Highland White Terrier, Yorkshire Terrier and English Bulldog



Animals 2023, 13, 2668 5 of 10

(2 dogs each), American Staffordshire Terrier, Beagle, Border Collie, Boxer, Bull Terrier, Dogo
Argentino, Galgo Espanyol, Greater Swiss Mountain Dog, Lagotto Romagnolo, Maltese,
Shepherd Maremma, Australian Shepherd, Rhodesian Ridgeback, Italian Hound, English
Setter, Shar Pei, Spitz (1 dog each breed). Median (min-max range) values of fT4, tT4, and
TSH were 10.5 nmol/L (0.9–36), 1.9 µg/dL (0.5–33.6), and 0.2 nmol/L (0.04–1.2), respectively.

3.2. Prevalence and Characteristics of Concurrent GI Signs in Hypo-T Dogs Compared to
Euthyroid Dogs

Hypo-T dogs showed a higher prevalence of GI signs (44%) compared to euthyroid
dogs (24%) (p = 0.04). The prevalence of vomiting, nausea, flatulence, and abdominal pain
was not significantly different between euthyroid and hypo-T dogs (all p-values > 0.05).
Hypo-T dogs showed a higher prevalence of diarrhea (p = 0.001) and constipation (p = 0.03)
(47% and 13%, respectively) compared to euthyroid dogs (17% and 3%, respectively). In
hypo-T dogs, diarrhea was chronic in 12 dogs (80%) and acute in 3 dogs (20%). Ten dogs
had large bowel diarrhea, while five dogs had mixed diarrhea. Vomiting was chronic in all
five dogs that showed it. Of the 31 hypo-T dogs, 14 dogs showed at least 2 GI signs among
the above-mentioned ones and were included in the hypo-T GI group. The remaining
17 dogs were classified as hypo-T non-GI groups. GI signs and their characteristics in the
study population are reported in Table 1.

Table 1. Gastrointestinal clinical signs and their characteristics in the study population.

Clinical Signs Hypo-T Dogs (n = 31) Euthyroid Dogs (n = 79) p-Value

Prevalence (%) Frequency 1 Prevalence (%) Frequency 1

Diarrhea * 15 (47%)

1 → 4 dogs
2 → 4 dogs
3 → 3 dogs
4 → 1 dog
5 → 3 dogs

14 (18%)

1 → 6 dogs
2 → 3 dogs
3 → 4 dogs
5 → 1 dog

0.001

Nausea 10 (31%)
1 → 8 dogs
2 → 1 dog
3 → 1 dog

26 (33%)
1 → 14 dogs
2 → 6 dogs
3 → 4 dogs

0.8

Flatulence 9 (28%)
2 → 4 dogs
3 → 4 dogs
4 → 1 dog

12 (15%)
1 → 4 dogs
2 → 5 dogs
4 → 3 dogs

0.12

Vomiting 5 (17%) 1 → 4 dogs
2 → 1 dog 17 (22%) 1 → 9 dogs

2 → 7 dogs 0.6

Constipation * 5 (17%)

1 → 1 dog
2 → 2 dogs
3 → 1 dog
5 → 1 dog

3 (3%) 1 → 1 dog
2 → 1 dog 0.03

Abdominal pain 3 (9%) 1 → 2 dogs
3 → 1 dog 4 (5%) 1 → 3 dogs

2 → 1 dog 0.4

1 Frequency based on Poncet et al. [33] study: 0 (never/absent), 1 (less than 1 episode per month), 2 (once a week),
3 (once daily), 4 (more than once daily) and 5 (constantly). *, statistically significant.

3.3. Clinicopathological Intestinal and Liver Parameters of Hypo-T Dogs with and without
Gastrointestinal Signs

Median and ranges of liver enzymes (ALT, ALP, and GGT) and total bilirubin (TBIL),
as well as serum total proteins (TP) and albumin (ALB) and their prevalence are reported
in Table 2. No differences in GI and non-GI dogs between the selected variables were found
(all p-values > 0.05).
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Table 2. Median and ranges of liver enzymes, total protein, and albumin in 31 hypothyroid dogs.

Parameters Non-GI Group (n = 17) GI Group (n = 14) Reference Interval

Median (range) Prevalence of ↑/↓ Median (range) Prevalence of ↑/↓
ALT (U/L) 67 (9.5–226) ↑ 9 (50%) 55 (20–115) ↑ 3 (22%) 20–70
ALP (U/L) 144 (22–1175) ↑ 4 (22%) 108 (43–3640) ↑ 5 (35%) 45–250
GGT (U/L) 5.3 (1.8–46.7) ↑ 5 (27%) 4 (1–17.2) ↑ 1 (7%) 2–11
TBIL (mg/dL) 0.22 (0.08–0.48) ↑ 2 (11%) 0.16 (0.1–0.28) ↑ 0 (0%) 0–0.3
COL (mg/dL) 448 (214–1146) ↑ 10 (55%) 340 (166–888) ↑ 10 (72%) 120–280
TRI (mg/dL) 174 (58–750) ↑ 10 (55%) 349 (59–757) ↑ 9 (64%) 25–90
TP (g/dL) 7 (5.6–8.3) ↓ 1 (3%) 6.7 (4.8–8) ↓ 1 (7%) 5.8–7.8
ALB (g/dL) 3.2 (2.2–4) ↓ 1 (3%) 3.4 (2.6–4.4) ↓ 3 (22%) 2.6–4.1

ALT, alanine aminotransferase; ALP, alkaline phosphatase; COL, cholesterol; GGT, gamma-glutamyltransferase;
TBIL, total bilirubin; TP, total protein; TRI, triglycerides; ALB, albumin, RI, reference interval; ↓ parameter lower
than RI; ↑ parameter above the RI.

3.4. Ultrasonographic Intestinal and Liver Features of Hypot-Dogs with and without
Gastrointestinal Signs and Comparison with Euthyroid Group

Abdominal ultrasound was available for review in 25 out of 31 hypo-T dogs. Intestinal
and liver ultrasonographic abnormalities in our hypothyroid cohort are reported in Table 3.
Of the 79 euthyroid dogs, 61 had an abdominal ultrasound available for review. Intestinal
involvement was present in 19 euthyroid dogs (31%), and there was no significant difference
with the hypo-T dogs (19%; p = 0.3). Thirty-nine euthyroid dogs (65%) had an ultrasound
liver abnormality, although the prevalence of the liver abnormality was not significantly
different compared to hypo-T dogs (66%; p = 0.9). Finally, hypo-T dogs showed a higher
prevalence of gallbladder abnormalities compared to euthyroid dogs (20/25; 80% and
32/61; 52% p = 0.04). Based on the clinical and ultrasonographic findings, 19 dogs had
intestinal involvement, 11 of which of the large bowel, and the remaining 8 of the small
bowel. No dogs showed dilation of the bile duct. No differences in the prevalence of
ultrasonographic abnormality in the GI and non-GI group was found (all p-values > 0.05).

Table 3. Intestinal and liver ultrasonographic abnormalities in 31 hypothyroid dogs.

Ultrasonographic Abnormality Prevalence Characteristics

Intestinal stratigraphy/
thickness 4/25 (15%) Colon → 3 dogs

Jejunum → 1 dog
Intestinal mucosa echogenicity 1/25 (3%) Colon → 1 dog
Enlarged abdominal lymph nodes 3/25 (11%)
Hepatomegaly 11/25 (42%)
Liver parenchyma echogenicity 17/25 (65%)
Gallbladder wall thickness 9/25 (34%)
Gallbladder echogenic content 20/25 (77%)

3.5. Prevalence of Gastrointestinal Signs Follow-Up after THRT in Hypo-T Dogs

Each of the 31 hypo-T dogs had a re-check after the start of the THRT. Twenty-three of
31 dogs had only the THRT, whereas the other three dogs had both a dietary change to a
gastrointestinal commercial diet and the THRT. There was a significant improvement in the
GI signs in hypo-T GI dogs, where all dogs had a significant improvement in clinical GI
signs (p < 0.0001). Resolution of GI was observed in all hypo-T dogs.

4. Discussion

Gastrointestinal signs in hypo-T dogs have been anecdotally reported, although no
specific clinical studies have been conducted. Therefore, this study aimed to describe the
concurrent intestinal and liver involvement in dogs with hypothyroidism.

Compared to euthyroid dogs, a higher prevalence of GI signs, especially chronic, was
found in hypo-T dogs. Diarrhea, nausea, and vomiting were the most represented clinical
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signs, followed by constipation and dyschezia, both of which were significantly associated
with the presence of hypothyroidism. In our hypo-T dogs, clinical signs, such as diarrhea,
constipation, and/or dyschezia, and the presence of mucoid feces were indicative of large
bowel involvement. This finding is also supported by the fact that large bowel symptoms
are among those commonly present in human hypothyroid patients [36]. In particular, the
significant presence of diarrhea and constipation in hypo-T dogs may support the hypoth-
esis of an association between gastrointestinal signs and abnormal peristalsis, mediated
using thyroxine [36], as already reported in humans. In hypothyroid humans, dysmotility
of the gastrointestinal tract is known to cause dysphagia, esophagitis, esophageal reflux,
hiatal hernia, dyspepsia, constipation, and, in the most serious cases, pseudo-obstruction
of the colon, megacolon, paralytic ileus, and intestinal ischemia [3,36]. Abnormal peristal-
sis may also be due to a secondary intestinal dysbiosis [5,37], as well as the presence of
diarrhea and flatulence may be expression of it. In fact, the onset of diarrhea following
small intestinal bacterial overgrowth in six hypothyroid dogs has already been reported
in a previous study by Jackson and colleagues [38]. Indeed, the presence of intestinal
dysbiosis, defined as a qualitative/quantitative alteration of the intestinal microbiota, may
be secondary to alterations of the intestinal function or its motility [37], as already reported
in hypothyroidism [39–41]. Specifically, as intestinal microbiota has been demonstrated
essential in the hydrolysis of the glucuronidated forms of T3 and T4, any modification of it
may cause an alteration in the thyroid hormones’ homeostasis and reservoir [7].

Although ultrasonographic signs of liver disease, gallbladder, and intestinal involve-
ment were found in hypo-T dogs, no statistically significant difference was reported com-
pared to euthyroid dogs. This high prevalence of signs of liver disease may suggest a
pathogenetic contribution of the liver to the GI signs, with dysbiosis as a possible con-
necting element. Although dysbiosis may be primarily caused by dysmotility [5,37], it
is also possible that it is secondary to qualitative/quantitative alterations of the bile [42],
which was a frequent finding in our hypo-T dogs (approximately 60%). On the other hand,
dysbiosis may contribute to reactive hepatopathy by producing microbial-derived toxins
and other metabolites [43].

The presence of gallbladder disease, defined as alterations of the gallbladder wall,
presence of echogenic content inside it, and/or dilatation of the bile duct, was a frequent
finding in our hypo-T dogs (approximately 63% of dogs), which has already been associated
with thyroid hormone deficiency in the literature. Hepatobiliary alterations may also be
caused by dyslipidemia, impaired hepatic metabolism, altered bile composition, and
increased tonicity of the sphincter of Oddi [3,44,45]. Therefore, this study supports a
possible association between hypothyroidism and alterations of the liver and gallbladder,
which deserves to be taken into consideration by the clinician, especially due to the potential
implications in determining the onset of gastrointestinal signs.

Furthermore, an improvement in the GI signs following the administration of levothy-
roxine was observed at follow-up in hypo-T dogs. In our opinion, these findings may
suggest a possible relationship between hypothyroidism and gastrointestinal signs, as
previously supported by numerous human studies. These studies support the role of the
lack of thyroid hormones in causing gastrointestinal alterations [5,37,42]. This relationship
has also been reported in human literature by showing a resolution of GI clinical signs
following treatment for hypothyroidism [5,36,44–46].

This study has several limitations. The first limitation is due to the small number of
recruited hypo-T dogs, which might underpower the statistical analysis of some data. A
second limitation is linked to the possible classification of some hypo-T dogs as euthyroid
dogs, since not all euthyroid dogs had a TSH stimulation test, which is considered the gold
standard for diagnosis of canine hypothyroidism. A final limitation is the lack of specific
investigations for concurrent GI and pancreatic diseases, which might lead to hypothyroid
dogs with a primary gastrointestinal and pancreatic disease. This might depend on several
factors, such as the owner’s difficulty in defining the onset of clinical signs or in recognizing
mild gastrointestinal signs, especially for outdoor dogs.
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5. Conclusions

Our study identified a high prevalence of gastrointestinal signs, especially constipation
and diarrhea, in hypothyroid dogs. The improvement in gastrointestinal signs following
treatment with levothyroxine supports a possible association between gastrointestinal signs
and hypothyroidism, although the pathogenetic mechanisms need to be further clarified.
In addition, intestinal dysbiosis may also be the consequence of loss of balance in the
liver-gut axis, given that many dogs here had biochemical and ultrasonographic signs of
hepatobiliary involvement. However, these results should be interpreted with caution
since the concurrent presence of hypothyroidism and primary gastrointestinal or pancreatic
diseases could not be ruled out. Future studies are needed to explore this interesting topic.
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pervision, P.G. and V.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to the retrospective nature of the study. All the diagnostic procedures performed on the animals were
based on the clinician in charge and part of the dogs’ routine care.

Informed Consent Statement: All owners attending the Veterinary Teaching Hospitals sign an
informed consent for the scientific use of their animal’s leftover blood samples and medical data.

Data Availability Statement: Data will be available upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Spence, S. Canine Hypothyroidism: Avoiding over Diagnosing the Condition. In Pract. 2022, 44, 68–75. [CrossRef]
2. Jiang, W.; Lu, G.; Gao, D.; Lv, Z.; Li, D. The Relationships between the Gut Microbiota and Its Metabolites with Thyroid Diseases.

Front. Endocrinol. 2022, 13, 943408. [CrossRef] [PubMed]
3. Kyriacou, A.; McLaughlin, J.; Syed, A.A. Thyroid Disorders and Gastrointestinal and Liver Dysfunction: A State of the Art

Review. Eur. J. Intern. Med. 2015, 26, 563–571. [CrossRef] [PubMed]
4. Nakazawa, N.; Sohda, M.; Ogata, K.; Baatar, S.; Ubukata, Y.; Kuriyama, K.; Hara, K.; Suzuki, M.; Yanoma, T.; Kimura, A.; et al.

Thyroid Hormone Activated Upper Gastrointestinal Motility without Mediating Gastrointestinal Hormones in Conscious Dogs.
Sci. Rep. 2021, 11, 9975. [CrossRef] [PubMed]

5. Lauritano, E.C.; Bilotta, A.L.; Gabrielli, M.; Scarpellini, E.; Lupascu, A.; Laginestra, A.; Novi, M.; Sottili, S.; Serricchio, M.;
Cammarota, G.; et al. Association between hypothyroidism and small intestinal bacterial overgrowth. J. Clin. Endocrinol. Metab.
2007, 92, 4180–4184. [CrossRef] [PubMed]

6. Yao, Z.; Zhao, M.; Gong, Y.; Chen, W.; Wang, Q.; Fu, Y.; Guo, T.; Zhao, J.; Gao, L.; Bo, T. Relation of Gut Microbes and L-Thyroxine
Through Altered Thyroxine Metabolism in Subclinical Hypothyroidism Subjects. Front. Cell. Infect. Microbiol. 2020, 10, 495.
[CrossRef] [PubMed]

7. Fenneman, A.C.; Bruinstroop, E.; Nieuwdorp, M.; Spek, A.H.; van der Boelen, A. A Comprehensive Review of Thyroid Hormone
Metabolism in the Gut and Its Clinical Implications. Thyroid 2023, 33, 32–44. [CrossRef]

8. Piantanida, E.; Ippolito, S.; Gallo, D.; Masiello, E.; Premoli, P.; Cusini, C.; Rosetti, S.; Sabatino, J.; Segato, S.; Trimarchi, F.; et al. The
Interplay between Thyroid and Liver: Implications for Clinical Practice. J. Endocrinol. Investig. 2020, 43, 885–899. [CrossRef]

9. Bano, A.; Chaker, L.; Plompen, E.P.C.; Hofman, A.; Dehghan, A.; Franco, O.H.; Janssen, H.L.A.; Murad, S.D.; Peeters, R.P. Thyroid
Function and the Risk of Nonalcoholic Fatty Liver Disease: The Rotterdam Study. J. Clin. Endocrinol. Metab. 2016, 101, 3204–3211.
[CrossRef]

10. Sinha, R.A.; You, S.-H.; Zhou, J.; Siddique, M.M.; Bay, B.-H.; Zhu, X.; Privalsky, M.L.; Cheng, S.-Y.; Stevens, R.D.; Summers, S.A.;
et al. Thyroid Hormone Stimulates Hepatic Lipid Catabolism via Activation of Autophagy. J. Clin. Investig. 2012, 122, 2428–2438.
[CrossRef]

11. Fuchs, C.D.; Claudel, T.; Trauner, M. Role of Metabolic Lipases and Lipolytic Metabolites in the Pathogenesis of NAFLD. Trends
Endocrinol. Metab. 2014, 25, 576–585. [CrossRef] [PubMed]

12. Seigneur, A. Glycogen-Type Vacuolar Hepatopathy. In Blackwell’s Five-Minute Veterinary Consult Clinical Companion; Mott, J.,
Morrison, J.A., Eds.; Wiley-Blackwell: Hoboken, NJ, USA, 2019; pp. 734–741.

13. Greco, D.S. Metabolic Disorders in Liver. In Canine and Feline Gastroenterology, 1st ed.; Washabau, R.J., Day, M.J., Eds.; Elsevier
Saunders: St. Louis, MO, USA, 2013; pp. 922–927.



Animals 2023, 13, 2668 9 of 10

14. Völzke, H.; Robinson, D.M.; John, U. Association between Thyroid Function and Gallstone Disease. World J. Gastroenterol. 2005,
11, 5530–5534. [CrossRef] [PubMed]

15. Laukkarinen, J.; Sand, J.; Saaristo, R.; Salmi, J.; Turjanmaa, V.; Vehkalahti, P.; Nordback, I. Is Bile Flow Reduced in Patients with
Hypothyroidism? Surgery 2003, 133, 288–293. [CrossRef] [PubMed]

16. Mesich, M.L.L.; Mayhew, P.D.; Paek, M.; Holt, D.E.; Brown, D.C. Gall Bladder Mucoceles and Their Association with En-
docrinopathies in Dogs: A Retrospective Case-control Study. J. Small Anim. Pract. 2009, 50, 630–635. [CrossRef] [PubMed]

17. Holdsworth, C.D.; Besser, G.M. Influence of Gastric Emptying-Rate and of Insulin Response on Oral Glucose Tolerance In Thyroid
Disease. Lancet 1968, 292, 700–702. [CrossRef] [PubMed]

18. Eastwood, G.L.; Braverman, L.E.; White, E.M.; Salm, T.J.V. Reversal of Lower Esophageal Sphincter Hypotension and Esophageal
Aperistalsis after Treatment for Hypothyroidism. J. Clin. Gastroenterol. 1982, 4, 307–310. [CrossRef] [PubMed]

19. Ebert, E.C. The Thyroid and the Gut. J. Clin. Gastroenterol. 2010, 44, 402–406. [CrossRef]
20. Mooney, C. Canine Hypothyroidism: A Review of Aetiology and Diagnosis. N. Z. Vet. J. 2011, 59, 105–114. [CrossRef]
21. Kowalewski, K.; Kolodej, A. Myoelectrical and Mechanical Activity of Stomach and Intestine in Hypothyroid Dogs. Am. J. Dig.

Dis. 1977, 22, 235–240. [CrossRef]
22. Panciera, D.L. Conditions Associated with Canine Hypothyroidism. Vet. Clin. N. Am. Small Anim. Pract. 2001, 31, 935–950.
23. Fracassi, F.; Tamborini, A. Reversible Megaoesophagus Associated with Primary Hypothyroidism in a Dog. Vet. Rec. 2011,

168, 329. [CrossRef] [PubMed]
24. Scott-Moncrieff, J.C. Hypothyroidism. In Canine and Feline Endocrinology, 4th ed.; Feldman, E.C., Nelson, R.W., Reusch, C.E.,

Scott-Moncrieff, J.C., Eds.; Saunders: St. Louis, MO, USA, 2015; pp. 77–135.
25. Boretti, F.S.; Breyer-Haube, I.; Kaspers, B.; Reusch, C.E. Klinische, Hämatologische, Biochemische Und Endokrinologische Aspekte

Bei 32 Hunden Mit Hypothyreose. Schweiz. Arch. Für Tierheilkd. 2003, 145, 149–159. [CrossRef] [PubMed]
26. Gori, E.; Paolinelli, G.; Gianella, P.; Pierini, A.; Lubas, G.; Marchetti, V. Concurrent gastrointestinal signs in hypothyroid dogs. In

Proceedings of the 2020 ACVIM Forum on Demand, Online, 10 June–31 December 2020.
27. Jaggy, A.; Oliver, J.E. Neurologic Manifestations of Thyroid Disease. Vet. Clin. N. Am. Small Anim. Pract. 1994, 24, 487–494.

[CrossRef] [PubMed]
28. Kenward, H.; Pelligand, L.; Savary-Bataille, K.; Elliott, J. Nausea: Current Knowledge of Mechanisms, Measurement and Clinical

Impact. Vet. J. 2015, 203, 36–43. [CrossRef] [PubMed]
29. Elwood, C.; Devauchelle, P.; Elliott, J.; Freiche, V.; German, A.J.; Gualtieri, M.; Hall, E.; den Hertog, E.; Neiger, R.; Peeters, D.; et al.

Emesis in Dogs: A Review. J. Small Anim. Pract. 2010, 51, 4–22. [CrossRef] [PubMed]
30. Purina Fecal Scoring Chart. Available online: https://www.proplanveterinarydiets.ca/wp-content/uploads/2016/04/PPPVD-

Fecal-Scoring-Chart-EN-FINAL.pdf (accessed on 5 May 2023).
31. Marks, S.L. Diarrhea. In Canine and Feline Gastroenterology, 1st ed.; Washabau, R.J., Day, M.J., Eds.; Elsevier Saunders: St. Louis,

MO, USA, 2013; pp. 99–108.
32. Allenspach, K. Diagnosis of Small Intestinal Disorders in Dogs and Cats. Vet. Clin. N. Am. Small Anim. Pract. 2013, 43, 1227–1240.

[CrossRef] [PubMed]
33. Poncet, C.M.; Dupre, G.P.; Freiche, V.G.; Estrada, M.M.; Poubanne, Y.A.; Bouvy, B.M. Prevalence of Gastrointestinal Tract Lesions

in 73 Brachycephalic Dogs with Upper Respiratory Syndrome. J. Small Anim. Pract. 2005, 46, 273–279. [CrossRef] [PubMed]
34. Gaschen, L. Ultrasonography of Small Intestinal Inflammatory and Neoplastic Diseases in Dogs and Cats. Vet. Clin. N. Am. Small

Anim. Pract. 2011, 41, 329–344. [CrossRef]
35. Marolf, A.J.; Leach, L.; Gibbons, D.S.; Bachand, A.; Twedt, D. Ultrasonographic findings of feline cholangitis. J. Am. Anim. Hosp.

Assoc. 2012, 48, 36–42. [CrossRef]
36. Chaker, L.; Bianco, A.C.; Jonklaas, J.; Peeters, R.P. Hypothyroidism. Lancet 2017, 390, 1550–1562. [CrossRef]
37. Suchodolski, J.S. Diagnosis and interpretation of intestinal dysbiosis in dogs and cats. Vet. J. 2016, 215, 30–37. [CrossRef]

[PubMed]
38. Jackson, H.A.; Jackson, M.W.; Wotton, P.R.; Hall, E.J. Diarrhoea associated with acquired adult onset hypothyroidism in six dogs.

In Proceedings of the 41st British Small Animal Veterinary Association; BSAVA: Birmingham, UK, 1998.
39. Goldin, E.; Wengrower, D. Diarrhea in hypothyroidism: Bacterial overgrowth as a possible etiology. J. Clin. Gastroenterol. 1990, 12,

98–99. [CrossRef] [PubMed]
40. Zhang, J.; Zhang, F.; Zhao, C.; Xu, Q.; Liang, C.; Yang, Y.; Wang, H.; Shang, Y.; Wang, Y.; Mu, X.; et al. Dysbiosis of the gut

microbiome is associated with thyroid cancer and thyroid nodules and correlated with clinical index of thyroid function. Endocrine
2019, 64, 564–574. [CrossRef] [PubMed]

41. Wang, B.; Xu, Y.; Hou, X.; Li, J.; Cai, Y.; Hao, Y.; Ouyang, Q.; Wu, B.; Sun, Z.; Zhang, M.; et al. Small Intestinal Bacterial Overgrowth
in Subclinical Hypothyroidism of Pregnant Women. Front. Endocrinol. 2021, 12, 604070. [CrossRef]

42. Brandl, K.; Kumar, V.; Eckmann, L. Gut-liver axis at the frontier of host-microbial interactions. Am. J. Physiol—Gastrointest. Liver
Physiol. 2017, 312, G413–G419. [CrossRef] [PubMed]

43. Zeng, X.; Li, B.; Zou, Y. The Relationship between Non-Alcoholic Fatty Liver Disease and Hypothyroidism. Medicine 2021,
100, e25738. [CrossRef] [PubMed]

44. Daher, R.; Yazbeck, T.; Jaoude, J.B.; Abboud, B. Consequences of dysthyroidism on the digestive tract and viscera. World J.
Gastroenterol. 2009, 15, 2834–2838. [CrossRef] [PubMed]



Animals 2023, 13, 2668 10 of 10

45. Kizivat, T.; Maric, I.; Mudri, D.; Curcic, I.B.; Primorac, D.; Smolic, M. Hypothyroidism and nonalcoholic fatty liver disease:
Pathophysiological associations and therapeutic implications. J. Clin. Transl. Hepatol. 2020, 8, 347–353. [CrossRef]

46. Inkinen, J.; Sand, J.; Nordback, I. Association between common bile duct stones and treated hypothyroidism. Hepatogastroenterology
2000, 47, 919–921.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


