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Primary hyperoxaluria (PH) is a rare genetic disorder characterized by excessive oxalate production
because of specific gene defects. PH1 is the most prevalent type, causing recurrent kidney stone disease
and often leading to chronic kidney disease and kidney failure. Our previous study suggested that
pregnancy did not adversely affect kidney function in female patients with PH. In this study, we identified 4
PH1 cases with urinary oxalate (UOx) measurements during pregnancy from the Rare Kidney Stone
Consortium and Oxalosis and Hyperoxaluria Foundation PH registry to investigate UOx levels during
pregnancy in patients with PH1. The PH Registry is approved by the Institutional Review Board of Mayo
Clinic (Rochester, MN). All 4 showed a decrease in UOx during pregnancy when compared with before
pregnancy and after delivery. These findings contrast with those of the general population, in which the
UOx tends to increase during pregnancy because of a simultaneous physiological increase in the
glomerular filtration rate. Elucidating the mechanism underlying reduced UOx during pregnancy in PH1
could suggest novel PH therapies. These findings could also affect the clinical management and have
implications regarding the safety of withholding novel PH1-directed molecular therapies that currently
have uncertain safety profiles during pregnancy. We highlight the need for additional data on urinary
changes in patients with PH and other populations while pregnant to clarify changes in UOx throughout
pregnancy.
© 2024 The Authors. Published by Elsevier Inc. on behalf of the National Kidney Foundation, Inc. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION CASE REPORT

Primary hyperoxaluria (PH) is a rare genetic disorder
affecting the metabolism of glyoxylate. There are 3 types
of PH, each associated with a specific gene defect as a result
of excessive oxalate production. As the most prevalent
type, PH1 accounts for 70%-80% of all cases.1 PH1 is
caused by pathogenic changes in the AGXT gene that en-
codes alanine-to-glyoxylate aminotransferase (AGT), an
enzyme mainly expressed in the liver in which it plays a
crucial role in glyoxylate degradation through a pyridoxal-
5-phosphate dependent pathway.2 The resulting increase
in generation of oxalate leads to hyperoxaluria, ongoing
calcium oxalate crystal deposition within the kidneys, and
recurrent urinary stone disease. Chronic kidney disease
(CKD) and kidney failure often ensue,1,2 although it is
hoped that with newer disease-modifying therapies now
available3 or under development,4 kidney outcomes will
improve in the future.

Our previous study reported that pregnancy did not
appear to negatively affect kidney function in a cohort of
female patients with PH,5 despite concerns regarding po-
tential volume contraction because of emesis in early
pregnancy, stone complications, and risks to kidney
function related to preeclampsia or obstetric complications
at delivery. However, the influence of pregnancy itself on
urinary oxalate excretion in women with PH remains
undetermined. In this study, we performed a thorough
examination of the Rare Kidney Stone Consortium (RKSC)
and Oxalosis and Hyperoxaluria Foundation (OHF) PH
registry5 to identify all cases with 24-hour urinary oxalate
measurements (UOx) before, during, and after pregnancy.
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A total of 4 PH1 cases with UOx data available during
pregnancy were identified from the RKSC and OHF Reg-
istry (Table 1). Cases 1 and 2 received a consistent phar-
macologic dose of vitamin B6 (5-10 mg/kg) throughout
the prepregnancy, pregnancy, and postdelivery periods.
Cases 3 and 4 each received a short course of vitamin B6
before pregnancy but did not take it during pregnancy or
after delivery. Urinary stone prevention routines were not
changed during pregnancy in any of the cases. None
received any disease-modifying PH medications during
pregnancy (specifically siRNA treatments).

All 4 cases demonstrated a significant decrease in UOx
during pregnancy compared with the time of diagnosis,
and closest to the beginning of gestation and outside of
gestation (Fig 1). Case 1 had 6 UOx measurements during
pregnancy with an average (0.50 ± 0.20 mmol/24 h/
1.73 m2) significantly lower when compared with before
pregnancy (2.06 ± 0.55 mmol/24 h/1.73 m2, based on 4
measurements) and after delivery (1.09 ± 0.45 mmol/
24 h/1.73 m2, based on 11 measurements) (Fig 2).

Estimated glomerular filtration rates (eGFRs) were
calculated using the full-age spectrum equation.6 In case 1,
the eGFR was 40 ± 2.3 mL/min/1.73 m2 (3 measure-
ments) during pregnancy, which was slightly higher than
the prepregnancy value of 38 mL/min/1.73 m2. Case 4
had an eGFR of 99 and 121 mL/min/1.73 m2 during
pregnancy, higher than both prepregnancy and post-
delivery values of 96 mL/min/1.73 m2 (Fig 3).

In comparison to the phases before and after pregnancy,
there was a noticeable increase in 24-hour urine calcium
1
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Table 1. Clinical characteristics and urinary oxalate excretion change during pregnancy in 4 patients with PH1a

Case 1 Case 2 Case 3 Case 4
Age at symptoms onset (y) 8 9 4 1
Age at diagnosis (y)b 10 30 <5 <5
PH type PH1 PH1 PH1 PH1
AGXT genotype c.508G>A

(p.Gly170Arg) and
c.33dup
(p.Lys12Glnfs*156)

c.33dup
(p.Lys12Glnfs*156) and
c.454T>A (p.Phe152Ile)

c.1072_1179del
(p.Val358fs) and
c.846+1G>T
(p.Gln282?)

c.508G>A
(p.Gly170Arg) and
c.346G>A
(p.Gly116Arg)

Nephrocalcinosis, Yes/No No No No No
Systemic oxalosis, Yes/No No No No No
Treatment with vitamin B6 during
pregnancy, Yes/Noc

Yes Yes No No

Pregnancy after diagnosis (y) 31 1d 23 32
Complications during pregnancy Bilateral kidney stones Hematuria Kidney stone UTI
Additional medications for PH in
pregnancye

Bicitra No No No

Gestational age at delivery (wk) 40 39 40 40
Birth weight of infant (kg) 3.74 3.27 3.97 3.86
UOx excretion (mmol/24 h/
1.73 m2)
At PH diagnosis 2.15 1.59 2.39 2.50
Before pregnancyf 2.06 ± 0.55 (n = 4) 1.45 1.51 ± 0.75 (n = 27) 1.06 ± 0.78 (n = 12)
During pregnancyf 0.54, 0.29, 0.27, 0.68,

0.44, 0.77 (0.50 ± 0.20,
n = 6)

0.68 0.47, 0.38 0.40, 0.40

Post deliveryf 1.09 ± 0.45 (n = 11) 1.72 ± 0.66 (n = 13) 1.71 0.89, 1.48
FAS-eGFRg

At diagnosis 67 NA 53 NA
Before pregnancy 38 83 77 96
During pregnancy 40 ± 2.3 (n = 3) NA NA 99, 121
After delivery 41 95 75 96

Kidney failure, Yes/Noh Yes No No No
Follow-up duration after
pregnancy (y)

15.8 9.4 0.9 1.9

Abbreviations: PH, primary hyperoxaluria; AGXT, the gene of enzyme alanine-to-glyoxylate aminotransferase (AGT); UOx, urine oxalate; FAS-eGFR, estimated glomerular filtration rate calculated by full-age spectrum equation; UTI,
urinary tract infection; NA, not available.
aIn case 1, there were 2 pregnancies, though the first was lost to miscarriage at 8 weeks. Case 2 also had 2 pregnancies. There are no UOx data from the first pregnancy in either case. Cases 3 and 4 each experienced a single
pregnancy. All pregnancies reported here resulted in the birth of healthy infants.
bApproximate ages are used for deidentification of the participants.
cThe detail about vitamin B6 treatment including the dosage before pregnancy and after delivery is shown in Fig 1.
dPH in case 2 was diagnosed 1.2 years after pregnancy.
eAdditional medications taken for PH during pregnancy, especially different from before pregnancy and after delivery.
fIn cases for which there were 2 measurements, both are provided. When multiple measurements were available (n ≥ 3), individual values are included in addition to the mean ± standard deviation and the number of measurements
(n) are reported.
gThe eGFR was calculated using full-age spectrum equation. The values closest to beginning of pregnancy and after delivery are reported: 5.5 months before pregnancy and 4.4 months after delivery in case 1, 7 years before
pregnancy and 2 years after delivery in case 2, 3 months before pregnancy and 1 month after delivery in case 3, and 4.6 months before pregnancy and 3.4 months after delivery in case 4.
hIn case 1, kidney failure occurred 6 years after pregnancy, and kidney transplantation was performed 1 year later. The remaining cases have maintained kidney function since delivery.
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Figure 1. Urinary oxalate excretion at time points available in each patient with primary hyperoxaluria1. The origin point of the x axis is
the start of pregnancy. The dashed line indicates the normal range of urinary oxalate < 0.46 mmol/24 h/1.73 m2.

Figure 2. Reduced urinary oxalate excretion in 4 patients with
primary hyperoxaluria1 during pregnancy. For cases with multiple
urinary oxalate (UOx) measurements available before, during,
and after pregnancy, the mean UOx value was used for the
plot. The number of measurements for each case is indicated
below the graph. The dashed line indicates the normal range
of UOx < 0.46 mmol/24 h/1.73 m2.
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and citrate levels during pregnancy in cases 2 and 3
(Table S1).
DISCUSSION
Women with PH1 are at risk throughout their lives for
recurring stone events and for progressive loss of kidney
function.1 Pregnancy in healthy women is associated with
an increased risk of symptomatic kidney stones7 and risks
of kidney compromise because of hyperemesis grav-
idarum, eclampsia, and other complications, including
blood loss. Out of concern for the heightened risks asso-
ciated with gestation, women with PH1 may be advised to
avoid pregnancy or personally reluctant to become preg-
nant. However, little is known of UOx excretion during
pregnancy in women with PH1.

In this study, we identified 4 patients with PH1 with
UOx measurements available while pregnant and
nonpregnant, thereby allowing for intra-individual com-
parisons. Surprisingly, each of the cases had a reduction in
UOx during pregnancy, particularly illustrated in case 1,
who had multiple UOx measurements available during
pregnancy. A similar decline in UOx had been previously
reported several decades ago in a single patient with PH1,
who became pregnant after a successful kidney transplant,
suggesting that the pregnancy may have temporarily
reduced the rate of oxalate synthesis.8 However, the
interpretation of UOx values in this patient was compli-
cated by the absence of UOx values before CKD stage 5 and
the timing of kidney failure and dialysis just 1 year before
the onset of pregnancy.
3



Figure 3. Estimated glomerular filtration rate and serum creatinine at time points available in each patient with primary hyperoxaluria1.
The origin point of the x axis is the start of pregnancy. The specific area throughout pregnancy for cases 1 and 4 is magnified and
displayed on the right-hand side. In cases 2 and 3, estimated glomerular filtration rate and serum creatinine measurements during
pregnancy are unavailable.
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Increased metabolic demand during pregnancy is
accompanied by a physiological increase in the GFR,9

resulting in elevation of urinary sodium, calcium, citrate,
oxalate, and uric acid excretion.9,10 Maikranz et al10

demonstrated in 11 healthy pregnant women that the
UOx increased during the second and third trimesters
when compared with the first trimester measurements in
the same participants and was significantly higher than
those in nonpregnant females. Smith et al11 also reported
that the UOx was higher during the third trimester of
pregnancy in 17 healthy women when compared with the
UOx in the same participants when not pregnant. These
observations would be in keeping with the increase in GFR
in healthy pregnancies and also observed in the partici-
pants. In contrast, Resim et al12 studied 15 healthy preg-
nant women during each trimester of pregnancy. The UOx
remained within the normal range and did not change
significantly from the first through the third trimester.12

Case 1 who experienced progressive CKD before preg-
nancy, eventually required a kidney transplant several years
after delivery. It is interesting that the eGFR was stable
during both of her pregnancies. Although possibly influ-
enced by a decline in the eGFR of approximately 60 mL/
4

min/1.73 m2 at the time of her last prepregnancy mea-
surement to 40 mL/min/1.73 m2, the marked decline in
UOx during her pregnancy appears disproportionate, thus
does not appear to be because of a decrease in the eGFR.

In the absence of AGT, peroxisomal glyoxylate cannot
be properly converted to glycine and instead moves to the
cytosol. Once in the cytosol, it undergoes conversion into
either oxalate by the enzyme lactate dehydrogenase or
glycolate by the enzyme glyoxylate reductase or hydrox-
ypyruvate reductase.13,14 Thus, overproduction of both
oxalate and glycolate occurs in PH1.15 Over 200 different
pathogenic variants in the AGXT gene have been described
to date. These mutations can lead to various functional
consequences, such as the loss of enzyme catalytic activity
while retaining AGT immunoreactivity and the loss of both
catalytic activity and immunoreactivity.16 In our study,
cases 1 and 4 carried a monoallelic pathogenic variant
c.508G>A, whereas case 2 carried a pathogenic variant
c.454T>A. Monoallelic presence of either of these 2
missense mutations results in partial vitamin B6 respon-
siveness with an w30% reduction of UOx.17 Case 3 pre-
sented 2 novel pathogenic variants with unknown effects
on vitamin B6 treatment. She appeared clinically
Kidney Med Vol 6 | Iss 6 | June 2024 | 100824
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nonresponsive to a trial of vitamin B6 in early childhood.
We acknowledge that medication histories have limita-
tions. Though serum levels of vitamin B6 were not avail-
able, cases 1, 2, and 3 had very high UOx while receiving
large doses of vitamin B6 before and after pregnancy.
Thus, it seems unlikely that vitamin B6 was responsible for
the reduction in UOx observed during pregnancy.

The mechanism underlying the decrease in UOx
observed in these patients with PH1 remains unclear.
Previous, albeit limited, studies have detailed changes in
hepatic amino acid metabolism during pregnancy that
result in reduced urea generation.18 Thus, it is possible that
overall changes in hepatic metabolism associated with
pregnancy could directly alter the activity of enzymes
related to increased oxalate generation in patients with
PH1, or reduce the generation of key substrates, with the
net effect of reducing oxalate generation. Future studies
that include measurement of plasma oxalate, oxalate
metabolic pool size, and tissue oxalate accretion rates in
patients with PH1 could address this hypothesis. Addi-
tionally, hormonal shifts and lactation could also affect the
urinary excretion of oxalate.19

To the best of our understanding, this is the first report
of patients with PH1 with serial data to suggest a decrease
in UOx during pregnancy since an initial single case report
in 1990. We also acknowledge the limitations of this
report, such as the small number of cases and the lack of
complete data inherent in retrospective studies. The
number of UOx measurements taken during the pregnancy
was small. Also, the UOx measurements can vary over time
even in the absence of changes in treatment.20 Contrib-
uting factors to the observed decrease in UOx during
pregnancy remain poorly understood, and caution is
appropriate in interpretation. Nevertheless, the UOx fell in
all 4 cases to a similar degree, with a rebound to the range
of prepregnancy values following delivery.

In summary, our study showed a decrease in UOx
during pregnancy in 4 patients with PH1 with data avail-
able while nonpregnant and pregnant. It is essential to
validate these findings in additional cohorts. Elucidating
the underlying mechanisms could suggest novel PH ther-
apies. These findings could also have implications
regarding the safety of withholding novel PH1-directed
molecular therapies that currently have uncertain safety
profiles during pregnancy.

SUPPLEMENTARY MATERIALS
Supplementary File (PDF)

Table S1: Urine Calcium, Citrate Levels and Creatinine to Body
Weight Ratio Throughout Pregnancy in Women With Primary
Hyperoxaluria Type 1 (PH1)
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