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Abstract
There is limited information on the prevalence and etiology of urolithiasis, although it is considered a com-
mon condition in chelonians. Several hypotheses regarding urolith formation in chelonians have been pro-
posed, but none has been tested by epidemiological research. The objective of this study was to
evaluate the prevalence of urolithiasis in a large number of chelonians and to evaluate the association
between housing and dietary conditions and urolithiasis in African spurred tortoises (Centrochelys sulcata).
Records of all client-owned chelonians that underwent radiographs at two institutions were extracted.
Univariable and multivariable logistic regression models were built to explore associations between the
presence of urolithiasis and husbandry variables. Prevalence of urolithiasis was 4.4% (95% confidence inter-
val [CI]: 3.3–5.9%; 46/1,033) among all chelonians. Terrestrial chelonians had 64 times the odds (odds ratio
[OR]: 64.2; 95% CI: 15.4–266.6; P , 0.001) of presenting urolithiasis compared with aquatic chelonians.
African spurred tortoises had 22 times the odds (OR: 22.3; 95% CI: 7.7–64.5; P , 0.001) of presenting urolith-
iasis compared with other terrestrial chelonians. African spurred tortoises living in a confined indoor area
had 3 times the odds of presenting urolithiasis compared with the tortoises living outdoors (OR: 3.01; 95%
CI: 1.06–8.55; P ¼ 0.038), and African spurred tortoises that were not fed any fruit had 0.31 times the odds
of presenting urolithiasis compared with the tortoises fed fruit (OR: 0.31; 95% CI: 0.10–0.99; P ¼ 0.049).
Certain chelonians in captivity are at higher risk than others of suffering urolithiasis. African spurred tortoises
in a confined indoor area had the highest risk of developing urolithiasis. As a precaution, avoiding fruit
should be considered in the diet of African spurred tortoises.
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Introduction

Urolithiasis is considered a common disorder in cheloni-
ans (Keller, 2019; Johnson and Watson, 2020; Takami
et al., 2021). In a survey of necropsies of captive tortoises
in the United Kingdom performed almost 50 yr ago (Key-
mer, 1978), urolithiasis was diagnosed in 4.2% (6/144) of
chelonians necropsied. In a retrospective study including
client-owned chelonians from a veterinary teaching hospi-
tal in the United States (Keller et al., 2015), the prevalence
of urolithiasis in chelonians was estimated to be 5.1% (40/
789), with the most common species affected being desert
tortoises (Gopherus agassizzi: 77.5%, 31/40) and African
spurred tortoises (Centrochelys sulcata: 7.5%, 3/40). In that
study, the prevalence was calculated over the total of the

chelonians examined, regardless of whether diagnostics
were performed (Keller et al., 2015). A retrospective study
including three veterinary hospitals in Japan and spanning
20 yr (Takami et al., 2021) identified 101 cases of urolithia-
sis in chelonians: the African spurred tortoise was the most
common species with urolithiasis in the study, representing
41.6% of cases (42/101), followed by the Indian star tor-
toise (Geochelone elegans: 29.7%, 30/101). The total num-
ber of chelonians examined in the study was not reported;
thus, incidence or prevalence of urolithiasis could not be
determined.
There are currently different hypotheses to explain the

etiology of urolithiasis in reptiles (Keller et al., 2015; Kel-
ler, 2019). Uroliths of chelonians are mainly formed of
urates (i.e., uric acid salts), with ,10% formed of calcium
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carbonate or other crystals (Osborne et al., 2009; Keller
et al., 2015). They are found in the distal urinary tract (uri-
nary bladder or cloaca), rather than in the kidneys or ure-
ters (Keller et al., 2015), indicating that crystallization of
uric acid likely occurs in the bladder. In theory, any
increase in concentration of uric acid in the urine (e.g.,
diets too high in protein, or insufficient urine production),
change in the solubility of uric acid (e.g., low urine pH,
lower environmental temperature), or decrease in urine
excretion could result in excessive formation of crystals in
the urinary bladder. Authors have reported dehydration as
a risk for the formation of uroliths, suggesting that this
pathological process can occur from inappropriate envi-
ronmental and dietary water (Johnson and Watson, 2020).
Nutritional imbalance has also been reported as a risk fac-
tor (Boyer and Scott, 2019; Johnson and Watson, 2020).
These theories are mainly based on case reports and have
not been evaluated by epidemiological research.
The objectives of the present study are 1) to evaluate the

prevalence of urolithiasis in client-owned chelonians and 2)
to evaluate the association of urolithiasis with housing and
dietary conditions in African spurred tortoises.

Material and Methods

Study design: A retrospective unmatched case-control study
was performed by collecting data from chelonians presenting
to two related institutions, Tai Wai Small Animal & Exotic
Hospital, Hong Kong, and Island Exotics, Hong Kong,
between 31 July 2014 and 31 December 2018. Medical records
from one of the veterinary hospitals (Island Exotics) were
included from the date of its opening (1 June 2016).

Medical record search and inclusion criteria: The electronic
medical record database of each institution was searched by
one investigator (VC) for the following keywords: “chelo-
nian,” “turtle,” “terrapin,” “tortoise,” and “reptile.” The med-
ical record of each chelonian seen during the period of interest
on which radiology was performed was extracted. Only ani-
mals with a minimum of dorsoventral radiographs in their
records (either performed in the hospital or at a referring
clinic) were included in the study.

Data extraction and variable classification: All data were
entered manually in an electronic spreadsheet by the same
investigator. The following variables were extracted: age,
sex, body weight, species, species habitus, husbandry vari-
ables (i.e., diet, housing, ultraviolet B [UVB] exposure,
heat exposure), and diagnosis. Extracted variables were
classified into categories for further analysis. Habitus of
each species was classified as primarily aquatic or terres-
trial, depending on the natural history of the species. Sex
was classified as female, male, or undetermined. Dietary
information from terrestrial chelonians was extracted by
categorizing as “present” or “absent” to each of one of the
following dietary items: presence of vegetables, presence of
pellets, presence of hay, presence of fruits, and presence of
calcium supplementation. Any combination of presence or

absence of the dietary items was possible. The frequency or
amount of each of these variables could not be reliably
extracted. Housing information from terrestrial chelonians
was classified into the following categories: confined indoor
(i.e., living in a vivarium or a tank), free-roaming indoor, and
free-roaming outdoor. Animals that received one or more
water baths per week were classified as “soaking weekly or
more.” Animals that had a UVB bulb in their living environ-
ment were classified as “UVB light present.” Animals that
were exposed to sunlight (minimum of once a week) were
classified as “sun exposure.” The final diagnosis or diagnoses
was extracted as reported on the medical record.

Statistical analysis: Continuous variables were summarized
as either means or medians and SDs, depending on their dis-
tribution. For categorical variables, the percentages of
patients in each category were calculated. Univariable and
multivariable logistic regression models were built to iden-
tify predictors associated with urolithiasis. Initially, univari-
able models were built including only one predictor variable
to calculate unadjusted odds ratio (OR), 95% confidence
intervals (CIs), and P values. For continuous variables (age
and body weight), variables were included in the univariable
models both as continuous and after binning them in quar-
tiles. Multivariable logistic regression models were subse-
quently developed including variables that had an arbitrary
P value cutoff point of 0.1 and variables deemed clinically
relevant (Mickey and Greenland, 1989; Hosmer and Leme-
show, 2000). The Hosmer–Lemeshow statistic and the
Nagelkerke R2 were used to assess goodness of fit and to
compare the logistic regression models. Results of the final
multivariable model were provided as adjusted odds ratio,
95% CIs, and P values. Data were analyzed with commer-
cial software (SPSS statistics, version 22.0, IBM Corp.).
Two-tailed values of P, 0.05 were considered significant.

Results

Population summary: The initial database included 1,033
chelonians from 49 species. Of these animals, 438 (42.4%)
were red-eared sliders (Trachemys scripta elegans), 118
(11.4%) African-spurred tortoises, 70 (6.8%) golden coin tur-
tles (Cuora trifasciata), 67 (6.5%) leopard tortoises (Stig-
mochelys pardalis), 62 (6%) Reeve’s turtles (Mauremys
reevesii), 32 (3.1%) Indian star tortoises, 30 (2.9%) Chinese
striped neck turtles (Mauremys sinensis), 27 (2.6%) yellow-
marginated box turtles (Cuora flavomarginata), 21 (2%) radi-
ated tortoises (Astrochelys radiata), and 18 (1.7%) fly river
turtles (Carettochelys insculpta). Other species are reported in
Table S1. Overall, 496 (48.0%) chelonians were female, 266
(25.8%) were male, and 271 (26.2%) were of undetermined
sex. Seven-hundred thirty-seven (71.3%) chelonians were pre-
dominantly aquatic and 296 (28.7%) were predominantly ter-
restrial. Age and body weight were not normally distributed
(Shapiro–Wilk test, P , 0.001 for both variables). Median
age (n ¼ 1,030) was 8 yr (0.1–61.0 yr) and median body
weight (n ¼ 1,020) was 1.0 kg (0.0–50.0 kg).
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Prevalence of urolithiasis: Of 1,033 chelonians in total that
underwent radiographic exams, 46 chelonians suffered
from urolithiasis. Except for two turtles (one Chinese
striped neck and one Amboina box turtle [Cuora amboinen-
sis]) and three other terrestrial species (two Indian star tor-
toises, one leopard tortoise, and one pancake tortoise
[Malacochersus tornieri]), all of the other 40 chelonians
diagnosed with urolithiasis were African spurred tortoises.
Prevalence of urolithiasis was 4.4% (95% CI: 3.3–5.9%; 46/
1,033) among all chelonians, 0.3% (95% CI: 0.0–1.0%; 2/
737) among aquatic chelonians, 14.9% (95% CI: 11.0–
19.4%; 44/296) among terrestrial chelonians, and 33.9%
(95% CI: 25.4–43.2%; 40/118) among African spurred tor-
toises. Terrestrial chelonians had 64 times the odds (OR:
64.2; 95% CI: 15.4–266.6; P , 0.001) of presenting urolith-
iasis compared with aquatic chelonians. African spurred
tortoises had 22 times the odds (OR: 22.3; 95% CI: 7.7–
64.5; P , 0.001) of presenting urolithiasis compared with
other terrestrial chelonians.

Housing and dietary conditions of African spurred
tortoises: The vast majority of African spurred tortoises
(87%, 103/118) were fed vegetables in their diets. Seventy-

eight (66%) and 54 (46%) of the animals were fed tortoise
pellets and hay, respectively. Seventeen tortoises (14%)
were fed fruits and nine (8%) had calcium supplementa-
tion. Fifty tortoises (42%) lived indoors in a confined
enclosure (i.e., in a terrarium), 40 tortoises (34%) lived free
roaming outdoors, and 28 tortoises (24%) lived free roam-
ing indoors. About half of the tortoises (47%, 55/118) had
some degree of exposure to natural sunlight, whereas the
remaining animals had no exposure to natural sunlight.
Half of the tortoises (49%, 58/118) were exposed to a UVB,
whereas the remaining animals had no exposure to UVB.
One fourth of the tortoises (26%, 29/118) were soaked in
water weekly or more often, whereas the other tortoises
were not routinely soaked in water. Stratification of hous-
ing and dietary conditions by presence or absence of uro-
lithiasis is reported in Table 1.

Association between housing and dietary conditions and
urolithiasis in African spurred tortoises: In the univariable
logistic regression analyses, none of the predictor variables
showed a statistically significant association with urolithiasis.
A multivariable logistic regression model was further built
including variables that were considered clinically relevant as

Table 1. Results of univariable and multivariable binary logistic regression describing the association between urolithiasis and
housing and dietary factors in chelonian species. Adjusted odds ratios were only reported if the variable was included in the final
multivariable model.

Urolithiasis No urolithiasis OR 95% CI P value aORa 95% CI P value

Age (yr) 6.5 (1.0–14.0) 5.0 (0.1–20.0) 1.05 0.96–1.17 0.28 1.12 0.99–1.26 0.065

Weight (kg) 4.3 (0.1–30.8) 4.5 (0.0–50.0) 0.99 0.96–1.04 0.83

Sex, n (%)

Unknown 19 (38.8) 30 (61.2) Ref Ref

Male 11 (25.0) 33 (75.0) 0.53 0.22–1.28 0.16 0.41 0.15–1.09 0.07

Female 10 (40.0) 15 (60.0) 1.05 0.39–2.82 0.92 0.90 0.31–2.63 0.85

Diet component, n (%)

Vegetables 37 (35.9) 66 (64.1) Ref

No vegetables 3 (20) 12 (80) 0.44 0.12–0.17 0.23

Pellets 24 (30.8) 54 (69.2) Ref

No pellets 16 (40.0) 24 (60.0) 1.50 0.68–3.32 0.32

Hay or grass 19 (35.2) 35 (64.8) Ref

No hay or grass 21 (32.8) 43 (67.2) 0.90 0.42–1.93 0.79

Fruits 9 (52.9) 8 (47.1) Ref Ref

No fruits 31 (30.7) 70 (69.3) 0.39 0.14–1.12 0.08 0.31 0.10–0.99 0.049

Calcium supplementation 4 (44.4) 5 (55.6) Ref Ref

No calcium supplementation 36 (33.0) 73 (67.0) 0.62 0.16–2.44 0.49 0.47 0.11–2.03 0.31

Housing, n (%)

Outdoor free roaming 10 (25.0) 30 (75.0) Ref Ref

Indoor free roaming 9 (32.1) 19 (67.9) 1.42 0.49–4.14 0.52 1.64 0.51–5.34 0.41

Indoor confined 21 (42.0) 29 (58.0) 2.17 0.87–5.39 0.09 3.01 1.06–8.55 0.038

Sun exposure 21 (38.2) 34 (61.8) Ref

No sun exposure 19 (30.2) 44 (69.8) 1.75 0.81–3.79 0.16

UVB present 16 (27.6) 42 (72.4) Ref

No UVB 24 (40.0) 36 (60) 0.70 0.32–1.50 0.36

Soaking weekly or more 9 (31) 20 (69) Ref

No soaking 31 (34.8) 58 (65.2) 1.19 0.48–2.92 0.71

OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio; Ref, reference category.
a The final multivariable model was considered properly fitted: Hosmer–Lemeshow ¼ 0.81; Nagelkerke R2 ¼ 0.14.
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confounders independently of their statistical significance
(age, sex, and calcium supplementation) and variables that
had a P value in the univariable models,0.1 (housing condi-
tion and fruit provision; Table 1).
Based on the multivariable model, African spurred tor-

toises living in a confined indoor area had three times the
odds of presenting urolithiasis compared with animals liv-
ing outdoors (OR: 3.01; 95%CI: 1.06–8.55; P ¼ 0.038).
Chelonians that were not fed any fruit had 0.31 times the
odds of presenting urolithiasis compared with chelonians
fed fruit (OR: 0.31; 95% CI: 0.10–0.99; P ¼ 0.049).

Discussion

In this study, African spurred tortoises were identified as
the species most at risk of suffering urolithiasis compared
with other terrestrial chelonians commonly kept as pets,
with odds of having a urolith .20 times higher than in
other terrestrial species. African spurred tortoises were
heavily represented in two of the previous studies on chelo-
nian urolithiasis from the United States and Japan (Keller
et al., 2015; Takami et al., 2021).
Currently, there is limited information on the prevalence of

urolithiasis in wild terrestrial chelonians. In one study describ-
ing postmortem findings in 24 dead desert tortoises, 3 (12.5%)
of them had urolithiasis (Homer et al., 1998). Besides this
small study, we could not retrieve any additional published
survey of postmortem or radiographs in wild chelonians that
could help establish the prevalence of urolithiasis in a noncap-
tive environment. The prevalence of urolithiasis in African
spurred tortoises observed in our study (34%) was almost
three times higher than in that survey, suggesting that captiv-
ity may play a role in the development of urolithiasis. There
are three overarching factors that could explain the high prev-
alence of urolithiasis observed in African spurred tortoises in
this study: decreased elimination, excessive production, or
decreased solubility of uric acid salts.
Because the main risk factor identified in our study was

housing in a confined indoor environment, a potential rea-
son for development of urolithiasis could be the space avail-
able for the tortoises to roam. A larger available space to
roam could influence development of uroliths in several
ways, such as increased thermoregulation opportunity or
more physical activity. This latter factor may be particularly
important. Wild tortoises tend to travel long distances
(Berry, 1986; Drabik-Hamshare and Downs, 2017). For
example, the desert tortoise home range is on average 20 ha
and this species commonly travels a distance of 460–823 m/
day, with some males covering up to 1,000 m/day (Berry,
1986). The leopard tortoise, a sub-Saharan chelonian, has a
home range that varies from 13 to 200 ha depending on its
location (Drabik-Hamshare and Downs, 2017). This species
is nomadic and travels from 50 m/day up to 8,000 m/day
(Drabik-Hamshare and Downs, 2017). Such an extensive
amount of traveling could stimulate drinking and voiding
urine, helping to excrete some of the uric acid before it crys-
tallizes into urates. Reproducing these home ranges in cap-
tivity is near impossible, even in a zoological collection.

However, specific treatments, such as treadmill walking,
could be instituted in tortoises at risk of developing urolith-
iasis to increase the turnover of urine in the urinary bladder.
One of the other risk factors identified in our study was

the inclusion of fruits in the diet of the tortoises. In mam-
mals, fructose metabolism produces urate as a byproduct.
During the initial phosphorylation of fructose in the liver by
the enzyme fructokinase, ATP is used rapidly and both ATP
levels and intracellular phosphate levels decrease (Maenpaa
et al., 1968). The rapid decrease of phosphate stimulates the
enzyme adenosine monophosphate deaminase, which cata-
lyzes the degradation of adenosine monophosphate to ino-
sine monophosphate and finally to uric acid (Lanaspa et al.,
2012). In humans, for example, it has been shown that after
ingestion of 0.5 g/kg of oral fructose, uric acid levels rise
dramatically in both serum and urine (Perheentupa and Rai-
vio, 1967). If a similar process were to occur in tortoises, the
increase in uric acid levels in the urine could result in further
urate deposition on a previously existent urolith, or in for-
mation of a new urolith. Older publications on dietary needs
of chelonians recommend fruits as part of the captive diet
for African spurred tortoises (Stauffer, 2003), but more
recent recommendations limit fruits to a small portion of
the diet and fruits are to be kept as an occasional treat
(Boyer and Boyer, 2019). Because we found potential evi-
dence of increased risk of urolithiasis in African spurred tor-
toises fed fruit and there is a physiological pathway to
explain this process, it is prudent to avoid inclusion of fruit
in the diet of chelonians at risk of urolithiasis.
A decrease in solubility of the uric acid that is normally

excreted through the urine could also contribute to urolith
formation in chelonians. Changes in solubility of uric acid
could result in the formation of excessive urates (uric acid
salts) and overcoming the capacity of chelonians to eliminat-
ing them. Several factors influence the solubility of uric
acid, including temperature, pH, and its concentration.
Chemical studies showed that when urates are suspended in
a solution, decreasing temperatures lead to a decrease in
their solubility (Iwata et al., 1989; Chhana et al., 2015). In
the present study, we could not explore the actual tempera-
ture at which tortoises were kept, due to the wide variability
on how temperature was reported in the medical records.
Urate solubility is also widely influenced by pH (Shekarriz

and Stoller, 2002). Uric acid in urine supersaturates at pH ,
5.5, whereas at a pH . 6.5 most uric acid is in the form of
urates (Shekarriz and Stoller, 2002). In fact, in humans, urine
with an acidic pH tends to promote the formation of uric
acid stones (Kamel et al., 2002; Wagner and Mohebbi,
2010). In chelonians, limited publications are available for
the normal range of the pH of urine. In wild desert tortoises,
urine pH has shown seasonal variation and was found to be
between 5.6 and 7.3 (Christopher et al., 1994). Although
anecdotally it is believed that alkalinization of the urine
could help dissolution of chelonian uroliths (Eisenbarth
et al., 2022), the majority of uric acid at a pH . 6.5 is in the
form of urates, the component of most tortoise uroliths. In
fact, it is possible that both a pH lower than normal and a
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pH higher than normal could be responsible for urolithiasis
in chelonians.
The concentration of uric acid also influences its solubility

(Shekarriz and Stoller, 2002). One of the main factors that
has been recommended to prevent this disease is adequate
humidity to prevent chronic dehydration (Keller, 2019;
Johnson and Watson, 2020). In our study, although a com-
prehensive assessment of ranges of humidity to which the
tortoises were exposed was not possible, exposure to weekly
baths did not influence the risk of developing this disease.
This study has some limitations. One limitation of our

study is the retrospective nature of the data collection, which
may have introduced imprecisions in the characterization of
the various categories used for the analysis. In addition, the
sample size for some species was small, which may have lim-
ited our ability to draw conclusions about the prevalence of
urolithiasis in those species. Finally, the study was con-
ducted in a single institution, which may limit the generaliz-
ability of our findings to other populations of chelonians.
Based on our study, some chelonian species in captivity

are at higher risk than others of suffering urolithiasis. In
addition, it seems that the amount of space available, more
than any other housing requirement, plays a role in the
development of urolithiasis. As a precaution, until more evi-
dence on their safety is available, fruits should be avoided in
the diet of African spurred tortoises. Considering the retro-
spective nature of this study, further evidence is required to
consolidate these findings.

Supplemental Material

Table S1. Chelonian species or genera included in the study
in decreasing order of frequency. Genera were reported when
a more precise classification based on the medical records
was not possible.
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