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SUMMARY
This study aimed to assess the association between giardiasis and subsequent development of
arthritis or joint pain using a retrospective cohort of individuals from a large administrative
claims database in the United States. Using 2006–2010 data from MarketScan Commercial
Claims and Encounters, we conducted a retrospective cohort study in people with an ICD-9-CM
code for giardiasis (n = 3301) and persons without giardiasis (n = 14 612) individually matched on
age, sex, and enrolment length. We used conditional logistic regression to model the association
between giardiasis and arthritis or joint pain documented in the 6 months following initial
giardiasis diagnosis or index date for matched controls. After adjusting for healthcare utilization
rate, giardiasis was associated with a 51% increase in claims for arthritis or joint pain (odds ratio
1·51, 95% conﬁdence interval 1·26–1·80). In age- and sex-stratiﬁed adjusted analyses, the
association remained signiﬁcant across all subgroups (age 0–19 years, age 20–64 years, males,
and females). Findings from this study lend epidemiological support for the association between
giardiasis and subsequent development of arthritis. Reactive arthritis might occur more
frequently than has been reported in the literature. Further research is necessary to determine
the mechanisms by which giardiasis could lead to arthritis.
Key words: Arthritis, commercial claims data, Giardia, giardiasis, medical claims, post-infectious
arthritis, reactive arthritis.

I N T RO D U C T I O N
Giardiasis, an infection caused by the intestinal parasite
Giardia intestinalis, is a major cause of human illness in
the United States and worldwide [1–3]. Giardiasis
causes substantial morbidity and mortality globally,
particularly in areas with poor sanitation, institutions
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with children who are not toilet trained, or immunocompromised populations [3, 4]. An estimated 1·2 million cases occur annually in the United States, although
fewer than 20 000 cases are reported [2, 5].
Acute giardiasis is typically characterized by selflimited diarrhoea and intestinal symptoms (e.g. abdominal cramps, and malabsorption) [4, 6, 7]. However,
additional symptoms have been documented to occur
[8]. A recently published survey of non-outbreak giardiasis cases found that 33·8% reported at least one
extraintestinal symptom, including symptoms of the
eye, skin, urinary tract, or joint [8]. Furthermore, a
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review of published literature documenting long-term
consequences of Giardia infections identiﬁed myriad
post-infectious manifestations, including extraintestinal
consequences such as ocular pathologies, allergies, muscular complications, and post-infectious arthritis [9].
The term ‘reactive arthritis’ was developed to describe arthritis that develops during or soon after an
infection elsewhere in the body (e.g. in the gut or urogenital tract) [10, 11]. Although diagnostic criteria
vary, reactive arthritis is used to encompass a variety
of rheumatological phenomena, such as inﬂammation
of joints and other tissues, which develop during or
soon after an infection [10, 11]. While there is no
unanimously accepted time-frame required for the
diagnosis of reactive arthritis [10], various studies
have used deﬁnitions requiring the onset of rheumatological symptoms ranging from 54 days to 43
months after gastrointestinal infection [10, 12–14].
The average duration of reactive arthritis is 3–5
months [15]; however, chronic symptoms lasting at
least 5 years after onset have been documented [16].
Incidence of reactive arthritis is difﬁcult to estimate,
as it depends largely on how it is deﬁned, the epidemiological investigational methods used, and the
associated pathogen [11]. Although the enteric pathogens classically linked to reactive arthritis include
Yersinia, Salmonella, Campylobacter, and Shigella
[10, 11, 17–21], inﬂammatory arthritis has also been
described following enteric infections with Clostridium
difﬁcile, Brucella, and Giardia [22]. Globally, the incidence of reactive arthritis is estimated to range from
1–30 cases/100 000 population [23]. In the United
States, only one study has examined the incidence
of reactive arthritis following bacterial enteric infections, including Yersinia, Salmonella, Campylobacter,
Shigella, and E. coli O157 [17]. The estimated incidence
was 0·6–3·1 cases/100 000 population; incidence was
highest following Campylobacter and Salmonella
infections.
Reactive arthritis or joint pain following Giardia
has been documented in several case studies [24–27],
case series [28, 29], and small research studies [8].
Despite the large burden of giardiasis in the Unites
States and worldwide, the evidence supporting an association with reactive arthritis is limited [22], and the
magnitude of post-giardiasis joint pain is unknown.
To date, no large-scale epidemiological studies have
examined the association between giardiasis and reactive arthritis. Here, we examine the association between giardiasis and the subsequent development of
arthritis or joint pain using a retrospective cohort of

individuals diagnosed with giardiasis in a large administrative claims database.

METHODS
Data were analysed from the Truven Health Analytics
MarketScan Commercial Claims and Encounters
database, an insurance database that captures medical
billing data from a selection of large employers, health
plans, and government and public organizations. This
database includes active employees and their dependants, early (non-Medicare) retirees and dependants,
and Consolidated Omnibus Budget Reconciliation
Act (COBRA) continuees. Person-speciﬁc enrolment
(i.e. signing up with a health insurance company rendering coverage effective), and clinical utilization
claims (i.e. bills ﬁled for medical services rendered)
across inpatient and outpatient services were used.
We conducted a retrospective matched cohort study
over the 5-year period from 1 January 2006 to 31
December 2010. We identiﬁed patients who incurred a
claim that was assigned the International Classiﬁcation
of Diseases, Ninth Revision, Clinical Modiﬁcation
(ICD-9-CM) code 007·1 during the study period; these
patients comprise the giardiasis cohort. The earliest record where a person was given this code was considered
their index date; if a person was enrolled in the database
more than one time, their diagnosis had to occur during
their ﬁrst enrolment to be included. Matched, unexposed patients (giardiasis-free group) were selected
from the pool of patients who did not have an
ICD-9-CM code for giardiasis, matched on sex, age
(within 5-year age groups), and duration of enrolment
in the database. Five unexposed patients were matched
to each exposed person. For each person with giardiasis,
we calculated the number of days from enrolment to
giardiasis diagnosis. For each matched person without
giardiasis, we added this number of days to their enrolment date and deﬁned this date as their index date.
Patients with the outcome of interest before their index
date, patients who were enrolled in the database for
<90 days before their index date, and patients with
<90 days of follow-up after their index date were
excluded from analyses. Thus, all cohort members
were enrolled in the database for at least 6 consecutive
months.
Reactive arthritis does not have a distinct ICD-9-CM
code, so we examined this construct indirectly based on
symptoms and timing. The main outcome variable was
having a diagnostic code for arthritis or joint pain (hereafter referred to as joint pain) within 6 months after the
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index date. Given that previous studies have employed a
window of up to 3 months for reactive arthritis to occur
following enteric infection, combined with the potential
for delay in seeking healthcare, we included claims
made within 6 months of the index date as potential
reactive arthritis cases. To create this variable, we
included persons with an ICD-9-CM code of 711·00–
711·99 (arthropathies associated with infections);
714·0–714·9 (rheumatoid arthritis and other inﬂammatory polyarthropathies); 715·00–715·98 (osteoarthrosis
and other allied disorders); 716·40–716·99 (other and
unspeciﬁed arthropathies); 719·00–719·99 (other and
unspeciﬁed joint disorders); or 729·0 (rheumatism) in
their billing record within 6 months of their index
date. The diagnostic code for Reiter’s disease, a type
of reactive arthritis affecting the eyes and urethra in
addition to joints, 099·3, was also included.
Information on other patient descriptors was also
obtained from the MarketScan data. Smoking, anxiety, and depression have been previously established
as risk factors for arthritis [30–32], thus these were
selected as comorbidities of interest and identiﬁed by
ICD-9-CM codes [smoking (305·1, V15·82), anxiety
(293·84, 300·00, 300·02, 300·09), and depression
(296·2x, 296·3x, 296·82, 300·4, 311)]. We calculated
a healthcare utilization rate by counting number of
outpatient visits for any diagnosis in the time from enrolment to 90 days before index date, and dividing this
count by the number of days between enrolment and
90 days before index date. We categorized this rate
into quartiles for analysis. We considered patients to
have received a laboratory diagnostic test for giardiasis
if they had a procedure code claim for ova and parasite
examination, direct ﬂuorescent antibody test, enzyme
immunoassay, immunoﬂuorescent assay, or a cartridge
test within 30 days before or after their ﬁrst giardiasis
diagnosis.

Analysis
Data were analysed using SAS v. 9.3 (SAS Institute
Inc., USA). We assessed differences in demographics,
outcome, and potentially confounding variables by
giardiasis status. To preserve the matched study design,
conditional logistic regression was used to model the
association between giardiasis and joint pain occurring
in the 6 months following the initial giardiasis diagnosis. Unadjusted logistic regression analyses were conducted to assess the association between giardiasis
and each potentially confounding variable with joint
pain. Variables that changed the odds ratio (OR) of
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giardiasis by 510% were included in the ﬁnal multivariable model. Analyses were repeated with samples
stratiﬁed by age and sex to explore potential effectmeasure modiﬁcation by these matching variables.

R E S ULTS
Our initial matched cohort included 34 918 patients
(n = 5821 patients in the giardiasis group, n = 29 097
patients in the non-giardiasis group). The ﬁnal sample
included 17 913 patients (n = 3301 in the giardiasis
group, n = 14 612 in the non-giardiasis group) after excluding patients for the following reasons (exclusions
were not mutually exclusive): patients with arthritis
or joint pain documented before their index date
(n = 981 in the giardiasis group, n = 3306 in the nongiardiasis group); persons with 490 days of enrolment before their index date (n = 1060 in the giardiasis
group, n = 5300 in the non-giardiasis group), persons
with <90 days of follow-up after their index date
from analyses (n = 747 in the giardiasis group, n =
3742 in the non-giardiasis group), persons in the nongiardiasis group whose matched exposed person had a
diagnosis of arthritis prior to their giardiasis diagnosis
(n = 3861).
Age, sex, and duration of enrolment were similarly
distributed in both groups as a result of the matched
design (Table 1). There was a slight but statistically
signiﬁcant difference in the age-group composition
of the two groups in spite of age matching, because
after application of exclusion criteria, some persons
in the giardiasis group were matched with fewer
than ﬁve persons in the group without giardiasis.
There were higher percentages of patients with medical claims for smoking, anxiety, and depression in the
giardiasis group compared to the non-giardiasis
group. There was also a higher percentage of patients
in the highest healthcare utilization rate quartile in the
giardiasis group compared to the non-giardiasis
group. Of note, 17·0% of patients in the giardiasis
group had a medical claim for joint pain at any time
following their index date, compared to 10·9% in the
non-giardiasis group. The percentage of patients
with joint pain in the 6 months after giardiasis diagnosis was higher in the giardiasis group compared to the
non-giardiasis group, both overall and stratiﬁed by
age group and sex.
In unadjusted analyses, the risk of having joint pain
in the 6 months after giardiasis diagnosis was 69%
higher in in the giardiasis group compared to the nongiardiasis group [OR 1·69, 95% conﬁdence interval
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Table 1. Patient characteristics by Giardia status, MarketScan commercial health insurance database, 2006–2010

Age, years
0–4
5–9
10–14
15–19
20–39
40–64
Sex
Male
Female
Duration of enrolment
6 months–1 year
>1 year–2 years
>2 years–3 years
>3 years–4 years
>4 years–5 years
Medical claims for:
Smoking
Anxiety
Depression
Healthcare utilization rate quartile
1 (lowest)
2
3
4 (highest)
Arthritis or joint pain
Development of arthritis or joint pain
46 months of index date
Overall
0–19 years
20–64 years
Males only
Females only

No giardiasis
(N = 14 612)

Giardiasis
(N = 3301)

n

(%)

n

(%)

3032
1298
722
850
4255
4457

(20·8)
(8·9)
(4·9)
(5·8)
(29·1)
(30·5)

621
272
161
191
949
1107

(18·8)
(8·2)
(4·9)
(5·8)
(28·8)
(33·5)

7724
6888

(52·9)
(47·1)

1728
1573

(52·4)
(47·7)

2181
3830
2927
2834
2840

(14·9)
(26·2)
(20·0)
(19·4)
(19·4)

462
847
659
647
686

(14·0)
(25·7)
(20·0)
(19·6)
(20·8)

411
695
840

(2·8)
(4·8)
(5·8)

153
335
346

(4·6)
(10·2)
(10·5)

4745
3832
3336
2699
1594

(32·5)
(25·9)
(22·9)
(18·5)
(10·9)

609
731
927
1034
562

(18·5)
(22·1)
(28·1)
(31·2)
(17·0)

<0·001

507
101
406
243
264

(3·5)
(1·7)
(4·7)
(3·2)
(3·8)

196
43
153
95
101

(5·9)
(3·5)
(7·4)
(5·5)
(6·4)

<0·001
<0·001
<0·001
<0·001
<0·001

χ² test
P value
0·014

0·594

0·350

(CI) 1·42–2·00] (Table 2). The risk of joint pain was
also higher in patients with medical claims for smoking, anxiety, and depression. Compared to patients in
the lowest healthcare utilization rate quartile, patients
in the second, third, and fourth quartiles had a signiﬁcantly higher risk of developing joint pain. The only
variable which met the 10% change in estimate criterion for inclusion in the adjusted model was healthcare
utilization rate quartile. In adjusted analyses, controlling for healthcare utilization rate attenuated the magnitude, but did not eliminate the association between
giardiasis and joint pain (OR 1·51, 95% CI 1·26–
1·80). The association between arthritis and healthcare utilization rate also remained signiﬁcant,

<0·001
<0·001
<0·001
<0·001

particularly for patients in the third quartile (OR
1·97, 95% CI 1·51–2·59) and fourth quartile (OR
2·40, 95% CI 1·84–3·13). This ﬁnal model was run
again after excluding giardiasis patients who did not
have evidence of receiving a diagnostic test, and
results were not statistically different (not shown).
In unadjusted age-stratiﬁed analyses, the odds of
joint pain was two times higher (i.e. OR 2·01) in persons with giardiasis in patients aged 0–19 years and
61% higher in patients aged 20–64 years (i.e. OR
1·61) (Table 3). Similarly, the odds of joint pain
were higher in patients with giardiasis than without
in both males and females. Controlling for healthcare
utilization rate attenuated the OR for join pain for
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Table 2. Association between giardiasis and subsequent
documentation of arthritis or joint pain within 6 months
of giardiasis index date*, MarketScan commercial
health insurance database, 2006–2010
Unadjusted

Adjusted†

OR

(95% CI)

OR

(95% CI)

(1·42–2·00)

1·51

(1·26–1·80)

(1·03–2·16)
(1·88–3·29)
(1·25–2·13)

—
—
—

(ref.)
(1·05–1·88)
(1·59–2·72)
(2·05–3·46)

1·00
1·34
1·97
2·40

Giardiasis
1·69
Medical claims for:
Smoking
1·49
Anxiety
2·49
Depression
1·63
Healthcare utilization
rate quartile
1
1·00
2
1·41
3
2·08
4
2·67

(ref.)
(1·00–1·79)
(1·51–2·59)
(1·84–3·13)

OR, Odds ratio; CI, conﬁdence interval; ref., referent.
* The earliest record where a patient was given the ICD-9
code for giardiasis was considered their index date.
Matched, unexposed persons (non-giardiasis cohort) were
assigned an index date.
† Adjusted for variables that change the risk ratio for giardiasis by >10% in preliminary logistic regression analyses.

patients by giardiasis status in both age groups and
both sexes; however, the associations remained signiﬁcant in all subgroups. CIs around the ORs for these
stratiﬁed analyses overlapped considerably.

DI SC US S IO N
This retrospective matched cohort study is unique in
its examination of the association between giardiasis
and joint pain and its use of a large administrative
claims database, examining a broad segment of the
US population. We identiﬁed a statistically signiﬁcant
51% increased odds of receiving a diagnosis of joint
pain during the 6 months following a giardiasis diagnosis. Previous studies identifying joint pain as a potential sequela of giardiasis have been relatively
small and lacked a comparison group [9], including
case studies [24–27], case series [28, 29], or small research studies [8]. Findings from this study lend epidemiological support for the association between
giardiasis and subsequent development of joint pain
identiﬁed in smaller uncontrolled studies [8, 9, 24–28].
Findings from this study indicate that giardiasis is
epidemiologically associated with joint pain, in a timeframe that could plausibly be considered as reactive
arthritis. Further, these ﬁndings suggest that
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Table 3. Association between giardiasis and subsequent
documentation of arthritis or joint pain within 6 months
of giardiasis index date*, stratiﬁed by sex and age,
MarketScan commercial health insurance database,
2006–2010

Age, years
0–19
20–64
Sex
Male
Female

Unadjusted logistic
regression

Adjusted logistic
regression†

RR

(95% CI)

RR

(95% CI)

2·01
1·61

(1·40–2·88)
(1·32–1·95)

1·63
1·45

(1·12–2·38)
(1·19–1·77)

1·73
1·65

(1·35–2·21)
(1·30–2·09)

1·57
1·44

(1·22–2·01)
(1·12–1·84)

RR, Risk ratio; CI, conﬁdence interval.
* The earliest record where a patient was given the ICD-9
code for giardiasis was considered their index date.
Matched, unexposed persons (non-giardiasis cohort) were
assigned an index date.
† Adjusted for variables that change the RR for giardiasis by
>10% in preliminary logistic regression analyses; only
healthcare utilization rate quartile met this criteria in both
age and sex-stratiﬁed analyses.

extraintestinal sequelae to giardiasis may be more
common than previously thought [8]. Joint pain associated with giardiasis may be more frequent than is
reﬂected in the medical literature [28], given that the
magnitude of risk for joint pain following a medical
claim for giardiasis was higher than would be
expected if there were no association with the outcome. Multiple studies have suggested that, while
Giardia is a common cause of gastroenteritis [1–3], it
is a relatively uncommon cause of reactive arthritis
compared to other pathogens known to precede reactive arthritis [9, 25]. Based on the results of this study,
we suspect that giardiasis could be an unrecognized or
underestimated cause of joint pain. We found a 51%
increase in the odds of joint pain in the giardiasis cohort compared to the non-giardiasis cohort, and the
crude risk difference in onset of joint pain was 2·4%
(i.e. 5·9–3·5%, see Table 1). If 2·4% of the estimated
1·2 million annual US giardiasis cases develop joint
pain, then up to 28 800 people could be experiencing
giardiasis-related joint pain annually in the United
States. Although previous research has suggested
that reactive arthritis associated with enteric infection
should be considered in the differential diagnosis for
undifferentiated arthritis [22], healthcare providers
may fail to diagnose post-giardiasis joint pain for
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several reasons, perhaps in part because different
healthcare providers could be involved in care for
the two conditions.
Both giardiasis and arthritis vary by age and sex in
the US population, and we were particularly interested in the implications of these demographic characteristics on the association between giardiasis and
joint pain. Rates of reported giardiasis are higher in
males compared to females and young children (age
0–9 years) compared to other age groups [2]. Older
age and female sex are known risk factors for arthritis
in general (non-reactive arthritis) [33]. Interestingly,
the increase in risk for joint pain held true in analyses
stratiﬁed by both age and sex, with a similar magnitude of increase in risk across strata of each and overlapping CIs.
There were higher percentages of patients with medical claims for smoking, anxiety, and depression in the
giardiasis cohort compared to the non-giardiasis cohort. Smoking, anxiety, and depression have been previously established as risk factors for arthritis [30–32],
and thus were considered as potential confounders of
the association between giardiasis and arthritis or
joint pain. Although smoking, anxiety, and depression
were each signiﬁcantly associated with arthritis or
joint pain in unadjusted regression analyses, none
impacted the association between giardiasis and arthritis or joint pain enough to be included in the ﬁnal
adjusted models. This ﬁnding held true in overall analyses, as well as analyses stratiﬁed by age and sex. This
lends further support for a direct association between
giardiasis and arthritis or joint pain.
This study has several limitations. Most importantly,
this study used ICD-9-CM diagnostic codes from medical billing data, as opposed to medical records. While
medical claims may approximate actual diagnoses,
claims are an imperfect proxy for health states. In this
case, we were interested in reactive arthritis. Because
a speciﬁc code for arthritis subsequent to giardiasis
does not exist, we used a collection of more general
diagnosis codes for arthritis or joint pain. Validation
studies comparing billing data to medical records for
studying some types of arthritis exist [34, 35], but validation studies have not been published for giardiasis.
Additionally, the MarketScan database only included
patients with commercial medical insurance in the
United States; thus ﬁndings may not be generalizable
to populations without commercial medical insurance,
or outside of the United States. While we identiﬁed a
statistically signiﬁcant association between medical
claims for giardiasis and joint pain within a 6-month

time-frame, we cannot conclude that the two were causally linked. Although increased medical care utilization
is associated with receipt of an arthritis diagnosis [36],
healthcare utilization rate did not fully explain the association between giardiasis and joint pain we observed;
however, we cannot rule out the possibility that residual
confounding due to healthcare-seeking behaviour
underlies the observed association. Finally, additional
known risk factors for arthritis, such as overweight
and obesity, joint injuries, occupational exposures to
repetitive joint motion, and bacterial infection [33],
were not examined in this study. However, we do not
think these are likely to be confounders because we
have no reason to believe they are associated with the
exposure (giardiasis). In the giardiasis cohort, comorbid
diagnoses of Shigella, Salmonella, Campylobacter,
E. coli, Cryptosporidium, C. difﬁcile or norovirus infection were uncommon (2·2%); it is not plausible that
such a small percentage of patients diagnosed with
these infections is responsible for the 17·0% of giardiasis
patients who were diagnosed with arthritis.
This is the ﬁrst large-scale analysis using medical
claims data to examine the association between giardiasis and joint pain. Findings from this study provide
epidemiological support for an association between
giardiasis and joint pain in a small proportion of
patients. Findings also suggest that reactive arthritis
or joint pain may occur more frequently than
reported. This has implications for studies of the burden of giardiasis, since for some patients, symptoms
extend beyond the acute phase and might require
treatment of extraintestinal manifestations. Further
research is necessary to elucidate the clinical, epidemiological, and biological associations between
giardiasis and arthritis or joint pain. Further research
is also necessary to examine the possible role of early
identiﬁcation and treatment of giardiasis to reduce the
occurrence of subsequent joint pain. Physicians who
treat giardiasis, arthritis, and joint pain should consider the possibility of reactive arthritis following giardiasis infection.
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