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Abstract
Introduction: Autosomal dominant tubulointerstitial kidney disease (ADTKD) is an increasingly recognized cause of chronic kidney disease. ADTKD

pregnancy outcomes have not previously been described.

Methods: A cross-sectional survey was sent to women from ADTKD families.

Results: Information was obtained from 85 afffected women (164 term pregnancies) and 23 controls (50 pregnancies). Only 16.5% of genetically

affected women knew they had ADTKD during pregnancy. Eighteen percent of ADTKD mothers had hypertension during pregnancy versus 12% in

controls (p = 0.54) and >40% in comparative studies of chronic kidney disease in pregnancy. Eleven percent of births of ADTKD mothers were

<37 weeks versus 0 in controls (p< 0.0001). Cesarean section occurred in 19% of pregnancies in affected women versus 38% of unaffected individuals

(p = 0.06). Only 12% of babies required a neonatal intensive care unit stay.

Conclusions: ADTKD pregnancies had lower rates of hypertension during pregnancy versus other forms of chronic kidney disease, which may have

contributed to good maternal and fetal outcomes.
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Introduction
Chronic kidney disease (CKD) in pregnancy places both the mother and
child at risk.1 The mother is at risk of hypertension, eclampsia, and worsen-
ing CKD.2 The child is at risk of prematurity and intrauterine growth
restriction.3 There have been several studies examining pregnancy out-
comes in women with different forms of CKD.1,4 These studies have
demonstrated high rates of premature delivery, cesarean section, neonatal
intensive care unit (NICU) stay1,4 and an accelerated decline in estimated
glomerular filtration rate (eGFR).1 In a study by Wiles and colleagues,1

delivery occurred before 37 weeks in 41%, cesarean section in 51%, and
a NICU stay in 24% of 79 mothers with CKD Stage 3a. These investigators
found pre-pregnancy hypertension to be a significant risk factor for poor
outcomes. There have also been similar studies of autosomal dominant
polycystic kidney disease (ADPKD),3,5 diabetic nephropathy,6 cystinosis,7

and Alport syndrome.8 A meta-analysis of pregnancy in IgA nephropathy
showed an increased rate of cesarean section (49%), preterm delivery
(14%) and preeclampsia (9%), though there was not an increased risk of
loss of kidney function.9 In the IgA nephropathy study only 13% of indi-
viduals had an eGFR less than 60ml/min/1.73m2.

The purpose of this investigation was to improve our understanding of
pregnancy outcomes in autosomal dominant tubulointerstitial kidney
disease (ADTKD) in order to better inform affected women regarding
future pregnancies. ADTKD is the fifth most common genetic cause of

end-stage kidney disease (ESKD),10 constituting about 1% of ESKD
patients.11 The two most common causes of ADTKD are mutations in
the UMOD12 and MUC1 gene.13 The median age of ESKD for
ADTKD-UMOD is 54 years and 46 years for ADTKD-MUC1,14 though
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the age of ESKD varies according to mutation and other unknown
factors.15 In contrast to uromodulin, which is expressed exclusively in
the thick ascending limb,16 mucin-1 is expressed throughout the body,
including in the breast and uterus.17 Mucin-1 production increases
during pregnancy.18 Thus, we hypothesized that patients with
ADTKD-MUC1 could be at increased risk of complications during
pregnancy.

The genetic cause of ADTKD-UMOD was identified in 200119 and the
genetic cause of ADTKD-MUC1 in 2013.13 Currently, there are more than
500 families diagnosed with ADTKD compared with less than 20 families
described in the literature prior to 2000. Thus, until recently, many women
did not know that they were affected by ADTKD at the time of pregnancy
and did not have their kidney function monitored. As more younger
women are being diagnosed with ADTKD, they are interested to know
the effects this condition will have on their health during pregnancy and
the health of their baby. Thus, we are at a crossroads where knowledge
of pregnancy outcomes would be helpful to women who now have a
genetic diagnosis, but where limited information is available because pre-
viously women did not know they had this condition when they were
pregnant.

To better understand pregnancy outcomes in ADTKD, we performed a
cross-sectional survey of women from ADTKD families, including genet-
ically affected individuals and family members who were genetically
unaffected and did not have kidney disease. In addition, we performed
an analysis of the association of the number of pregnancies with the age
of ESKD. As most affected women had not been diagnosed with
ADTKD prior to their pregnancy due to the genetic cause not being
known at the time, serum creatinine values prior to pregnancy were
unavailable in the majority of participants. We therefore estimated the
eGFR at the age of pregnancy using the most recent eGFR, the mean
rate of decline for all women in our ADTKD registry, and the time interval
between the age of pregnancy and the age of the most recent serum creatin-
ine measurement.

Materials and methods
The research protocol (IRB00000352) was approved by the Wake Forest
School of Medicine Institutional Review Board.

Registry characteristics
The Wake Forest ADTKD registry includes 1454 individuals and 270 fam-
ilies,20 with 348 consented individuals from 105 families with
ADTKD-MUC1 and 500 individuals from 165 families with
ADTKD-UMOD who have undergone genotyping as previously
described.19,21,22 The registry also includes 671 individuals from families
with ADTKD in whom historical data has been obtained, and 515 indivi-
duals who were genotyped and found not to have the familial ADTKD
mutation (genetically unaffected). Information available on historical indi-
viduals includes a clinical diagnosis of kidney disease, number of children,
and age of ESKD. Serum creatinine values on study participants were
obtained through review of patient medical records or when serum creatin-
ine was measured as part of the study protocol.

All serum creatinine values for women with genetically proven
ADTKD-MUC1 or ADTKD-UMOD between the ages of 18 and 50
were obtained from the registry, and the eGFR was determined with the
CKD-EPI equation23 (see flow diagram in Figure 1). Survival curves to
age of ESKD were constructed using Kaplan-Meier estimates of survivor
functions. Groups were compared within disease type by performing the
Type 3 test of main effects. We calculated the mean rate of annual
decline of eGFR of women aged over 18 years in our registry in whom
there was a time interval of at least 5 years between serum creatinine mea-
surements, according to disease type. For patients in whomwe did not have

an eGFR measurement prior to pregnancy, we estimated an eGFR at the
time of pregnancy by multiplying the years from pregnancy to the patient’s
most recent serum creatinine measurement by the mean annual decline of
our cohort (according to disease) and subtracting this from the most recent
eGFR. If patients had reached ESKD (started dialysis or received a kidney
transplant) without a prior serum creatinine value available, we estimated
an eGFR of 10ml/min/1.73m2 at the age of ESKD as the most recent
eGFR determination. We then calculated the estimated CKD stage from
this eGFR: Stage 1 (eGFR> 90ml/min/1.73m2), Stage 2 (eGFR 60 to
<90ml/min/1.73m2), Stage 3 (eGFR 30 to <60ml/min/1.73m2), Stage 4
(eGFR 15 to <30ml/min/1.73m2).

A standardized questionnaire (see Supplementary Material) was
created and entered into the NIH-sponsored REDCap program,24 which
immediately captures all data responses entered into the database. The
survey was sent to all individuals in our registry who had a genetic diag-
nosis of ADTKD-UMOD or ADTKD-MUC1.19,21 The survey was also
sent to genetically unaffected females who also did not have any other
known kidney disease.

Statistical analysis
Responses were analyzed based on whether variables were summarized at
the person-level or pregnancy-level, considering some individuals had
more than one pregnancy. Descriptive statistics of person-level character-
istics were computed and tests between groups performed using
Chi-squared tests for categorical variables and t-tests for continuous vari-
ables. Associations between continuous variables and disease status at
the pregnancy-level were assessed using a general linear mixed model
with compound-symmetry covariance structure to account for correlation
between an individual’s pregnancies. Likewise, associations between
binary variables and disease status at the pregnancy-level were assessed
with generalized estimating equation models with exchangeable correl-
ation structure. In order to compare cells in which some entries were
equal to zero, 100,000 resamples were performed to approximate a permu-
tation test.

Results
For the 418 women in our registry with information on past pregnancies
and a genetic diagnosis of ADTKD-MUC1 or ADTKD-UMOD
(Figure 1), we performed a survival analysis with ESKD being the
outcome and number of pregnancies being the independent variable.
There was no statistical relationship between the age of ESKD and
number of pregnancies for ADTKD-MUC1 (p = 0.16) or
ADTKD-UMOD (p = 0.43) (Supplementary Figure 1). There was no step-
wise change in age of ESKD according to number of pregnancies for either
condition.

Using data of women over 18 years of age with eGFR determinations
greater than 5 years apart from our ADTKD registry, we calculated a mean
annual rate of eGFR decline of 2.0 ± 3.2ml/min/1.73m2 in 41 women
with ADTKD-MUC1 and 1.3 ± 2.0ml/min/1.73m2 in 88 women with
ADTKD-UMOD. We then calculated an estimated stage of CKD for
each pregnancy for all except 2 study participants (5 pregnancies)
without a serum creatinine determination. Of 159 women, 22 (14%) had
an eGFR value within 2 years prior to pregnancy. There were 29 patients
(18%) with eGFR measurements ≤5 years after pregnancy, 28 (18%) 5 to
≤10 years, and 57 (36%) with an eGFR measurement more than 10 years
after pregnancy. Of these 57 women, 14 (25%) had an eGFR >60ml/min/
1.73m2. There were 23 (14%) patients with no eGFR measurements post-
pregnancy who developed ESKD between 2 and 39 years after pregnancy,
with 8 women within 10 years after pregnancy.

We then analyzed the results of our cross-sectional survey (Figure 1).
Of 572 women in the registry, 175 responded and 397 women did not
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respond. Of these non-respondents, 375 have recorded genetic status, age,
and ESKD status, 262 completed a health survey upon initial enrollment in
our study that included information about number of pregnancies. Of the
175 women who completed the survey, 15 women did not meet entry cri-
teria and were excluded because of having a different disease or not being
part of an ADTKD family. There remained 52 women with
ADTKD-MUC1, 74 women with ADTKD-UMOD and 34 genetically
unaffected family members. Of 262 non-respondents with information
available about pregnancies, 189 were affected with ADTKD and 73
were controls. The respondents and non-respondents were quite similar,
with no significant differences regarding age, genetic diagnosis, number
of pregnancies, and age of ESKD (Supplementary Table 1).

Supplementary Table 2 shows the characteristic of survey respondents.
The mean age of affected women completing the survey was 48.5 ± 14.7
years in the affected group and 47.2 ± 13.0 years in the controls (p =
0.56). There was a mean interval of approximately 20 years between preg-
nancy data collection. The control respondents were better educated, with
97% having a college or professional degrees versus 72% in the affected
group (p = 0.001). Approximately 25% of the women in each group had
0 pregnancies. The mean age at first pregnancy was 25.4 ± 4.9 years in
the affected group versus 27.5 ± 5.8 years in the controls (p = 0.07).
The number of pregnancies was similar between groups.

After removing responses from women who had no pregnancies and
one pregnancy with incomplete information (see Figure 1), there were
39 women with ADTKD-MUC1 with 113 pregnancies, 55 women with
ADTKD-UMOD with 135 pregnancies, and 25 geneticaly unaffected
women with 64 pregnancies who served as controls. Of 248 ADTKD preg-
nancies with outcome information provided, 183 pregnancies were carried
to delivery (74%), versus 52 of 64 control pregnancies(81%, p = 0.22)
(see Supplementary Table 3). The mean time to miscarriage was approxi-
mately 9 weeks for all groups, with approximately 12% of individuals in all
groups having a miscarriage at >14 weeks (see Supplementary Table 3).

After removing individuals with incomplete survey responses and
pregnancy losses, there remained 35 ADTKD-MUC1 mothers with 74
pregnancies carried to delivery, 50 ADTKD-UMODmothers with 90 preg-
nancies, and 23 unaffected mothers with 50 pregnancies.

Table 1 shows characteristics prior to pregnancy limited to women who
carried to delivery. The age of pregnancy was lower in the genetically
affected (27.6 ± 4.8 vs. 29.3 ± 4.1 (p = 0.03)). Anemia was significantly
more common in affected individuals (24% vs. 2%, p = 0.04). Thirteen
percent of affected individuals smoked during pregnancy versus 2% of con-
trols (p = 0.1), and 23% of controls and 40% of unaffected consumed more
than one drink containing alcohol each week (p = 0.16). Only 49% were
aware that inherited kidney disease was present in their family prior to preg-
nancy, and only 16% knew that they had kidney disease prior to pregnancy.
Of 43 patients who knew they had inherited kidney disease in their family at
the time of pregnancy but did not know if they had inherited kidney disease,
9% discussed family planning with their doctor. In 0 cases the doctor discour-
aged pregnancy or recommended terminating pregnancy. Of 12 patients who
knew they had inherited kidney disease at the time of pregnancy, 67% dis-
cussed family planning with their doctor. In 3 cases the doctor discouraged
pregnancy, and in 2 cases the doctor recommended terminating pregnancy
because of the health of the mother. Of 104 respondents with ADTKD,
20% stated that having a family history of ADKTD influenced their decision
to have children. Of 103 respondents with ADTKD, 28% stated that decreas-
ing kidney function influenced their decision to have children

Table 2 shows maternal outcomes from pregnancies carried to delivery
according to ADTKD subtype and estimated CKD stage, with five preg-
nancies not included due to no eGFR information. Fifty-seven percent of
pregnancies were estimated to have Stage 1 or 2 CKD, 34% Stage 3
CKD, and 9% having Stage 4 CKD. An important finding were the low
rates of hypertension, an important contributor to pregnancy morbidity
in CKD patients. Less than 13% of patients in all CKD stages had been
diagnosed with hypertension prior to pregnancy. In total, 16% of Stage

Figure 1. Flow diagram showing different subsets used in the analyses.
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2, 31% of Stage 3, and 27% of Stage 4 CKD pregnancies had baseline
hypertension or developed hypertension during pregnancy. In general,
maternal outcomes were excellent, with higher complication rates with
worsening CKD stage. Only 15% of Stage 3 CKD pregnancies were hos-
pitalized due to hypertension. Swelling developed in 34% of Stage 2, 30%
of Stage 3 and 47% of Stage 4 CKD pregnancies (each with p< 0.05 when
compared to Stage 1). Importantly, 17% of Stage 3 and 27% of Stage 4
CKD pregnancies reported worsening kidney function during pregnancy
(p< 0.01). Complications were similar between pregnancies with
ADTKD-UMOD and ADTKD-MUC1.

Regarding pregnancy outcomes, 21% of Stage 3, and 7% of Stage 4
CKD pregnancies underwent delivery prior to 37 weeks, which is signifi-
cantly better than at least 41% early delivery for pregnancies with CKD
Stage 3 of other causes.1,4 The cesarean section rate was 24% for CKD
Stage 3 versus >50% in two other studies of CKD Stage 3.1,4 Similarly,
NICU stay was 20% in Stage 3 CKD compared with 24% in CKD Stage
3a and 41% CKD Stage 3b and 44% CKD Stage 3 in two other
studies.1,4 Comparing pregnancies in affected mothers with hypertension
prior to pregnancy (12) versus those without pre-pregnancy hypertension
(149), 25% had NICU admission versus 10% (p = 0.17), 25% delivered
prior to 37 weeks versus 9% (p = 0.12), and the birth weights were
2875.8 ± 852.8 g versus 3311.2 ± 644.1 g (p = 0.09).

Figure 2 and Supplementary Table 4 provide data on women with
eGFR values at the time of pregnancy. There were 10 women with
eGFR measurements before and within a year of completing pregnancy.
Five of these women had Stage 2 CKD (mean eGFR 70.89 ± 5.99ml/
min/1.73m2), and five had Stage 3 CKD (mean eGFR 37.53 ± 8.03ml/
min/1.73m2). In the CKD Stage 3 group, 60% had anemia prior to preg-
nancy, one was hospitalized for hypertension, two had premature births
and three had cesarean sections. Birth weights were significantly lower
in Stage 3 versus Stage 2 CKD (2580.9 ± 508 (n = 5) versus 3120.7 ±
113.4 (n = 5), p = 0.009). The mean eGFR change was −3.42 ± 3.42
ml/min/1.73m2/year in CKD Stage 3 and −3.87 ± 14.09 ml/min/
1.73m2/year in CKD Stage 2. We compared these values to women in
our registry of similar age, who had their first determination of eGFR at
a mean age of 28.3 years and their second determination at a mean age
of 30.4 years. The mean change of eGFR was −3.40ml/min/1.73m2

over 2.13 years which translated to a mean eGFR change of −1.2ml/
min/1.73m2/year.

Discussion
In this cross-sectional analysis, we found that women with ADTKD and
their children generally had very good pregnancy outcomes.

Table 1. Patient characteristics prior to pregnancy in women who carried to delivery.

Characteristic ADTKD-MUC1 ADTKD-UMOD
ADTKD-MUC1 and

ADTKD-UMOD
Genetically

unaffected

p-Value with

person as cluster

Individuals (n) 35 50 85 23

Pregnancies (n) 74 90 164 50

Age during pregnancy (years, mean ± SD) 28.27 ± 4.79 26.97 ± 4.79 27.56 ± 4.82 29.34 ± 4.09 0.032

Total responses 73 88 161 50

BMI (kg/m2 mean ± SD) 22.05 ± 2.91 22.77 ± 4.45 22.48 ± 3.89 22.67 ± 3.83 0.85

Total responses 25 37 62 19

Diabetes (n (%)) 0 3 (3%) 3 (2%) 0 0.0094a

Gout (n (%)) 0 5 (6%) 5 (3%) 0 0.0020a

Hypertension (n (%)) 3 (4%) 9 (10%) 12 (7%) 0 <0.0001a

Anemia (n (%)) 20 (27%) 20 (22%) 40 (24%) 1 (2%) 0.035

In vitro fertilization used (n (%)) 1 (1%) 1 (1%) 2 (1%) 1 (2%) 0.69

Other disease (n (%)) 4 (5%) 2 (2%) 6 (4%) 1 (2%) 0.87

Urine protein present (n (%)) 0 3 (3%) 3 (2%) 0 0.0095a

Smoked (n (%)) 7 (9%) 15 (17%) 22 (13%) 1 (2%) 0.10

Drank > 1 drink/week (n (%)) 23 (31%) 15 (17%) 38 (23%) 20 (40%) 0.16

Used marijuana or cocaine (n (%)) 2 (3%) 2 (2%) 4 (2%) 0 0.0020a

Did not drink, smoke, or use drugs (n (%)) 46 (62%) 62 (69%) 108 (66%) 29 (58%) 0.46

Took allopurinol during pregnancy (n) 0 0 0 0

Took febuxostat during pregnancy (n) 0 0 0 0

Took an angiotensin converting enzyme

inhibitor during pregnancy (n (%))

1 (1%) 2 (2%) 3 (2%) 0

Took an angiotensin receptor blocker during

pregnancy (n)
0 0 0 0

Responses to questions about family planning

“I knew there was kidney disease in my

family prior to pregnancy.” (n (%))

36 (49%) 44 (49%) 80 (49%) 37 (74%) 0.060

“I knew I had inherited kidney disease prior

to pregnancy.” (n (%))

5 (7%) 22 (24%) 27 (16%) NA

“I told my doctor I had inherited kidney

disease.” (n (%))

3 (4%) 18 (20%) 21 (13%) NA

“I discussed family planning.” (n (%)) 8 (11%) 9 (10%) 17 (10%) 1 (2%) 0.14

“My doctor discouraged pregnancy.” (n (%)) 0 2 (2%) 2 (1%) NA

“My doctor recommended pregnancy

termination.” (n (%))

0 3 (3%) 3 (2%) NA

aDue to null values, a permutation test was performed with 100,000 resamples to determine statistical significance.
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We first showed that there was no statistical difference in the age of
ESKD according to number of pregnancies. Unfortunately, there was sig-
nificant bias in this analysis for which we could not account, as women
with better kidney function may have been more likely to have more chil-
dren. While we could not account for this bias, there was no stepwise asso-
ciation between increasing number of pregnancies and earlier age of
ESKD.

We compared pregnancy outcomes in ADTKD with other CKD
registries (see Table 3). The Torino-Calgliari Obesrvational Study
reported on 504 pregnancies in women with CKD of all causes, includ-
ing 38% with tubulointerstitial disease, 16% glomerular disease, 10%
systemic lupus, and 6% diabetic nephropathy.4 Wiles et al. reported
on 178 pregnancies,1 with 28% having glomerulonephritis, 26%
reflux nephropathy, 9% diabetic nephropathy, 8% congenital/rare
kidney disease, and 4% polycystic kidney disease. According to
CKD stage, the outcomes for ADTKD patients and their children
were better than in studies of CKD of all causes (see Table 3). In
patients with estimated CKD Stage 3, only 31% suffered from hyper-
tension during pregnancy, versus >50% in the comparison cohorts.
Premature deliveries occurred in 21% of CKD Stage 3 versus >40%
in other studies, and cesarean sections were performed in 24% versus
>50% in other studies.1,4 Low levels of hypertension in the cohort
may have been an important factor in the low levels of adverse out-
comes. In a multicenter study of CKD1 and a study of ADPKD,5

adverse pregnancy outcomes in CKD were highly correlated with
hypertension, and in our study, mothers with ADTKD were found to
have a relatively low prevalence of hypertension. The lower prevalence
of hypertension in ADTKD may have led to better outcomes. In one
study of ADTKD-UMOD, hypertension was present in 0% of indivi-
duals with an eGFR > 80ml/min/1.73 m2, and only 44% of patients
with an eGFR between 50 and 80ml/min/1.73 m2.12 ADTKD-MUC1
is also associated with lower levels of hypertension, with only 33%
of women noted to have hypertension in one study.25

There were several weaknesses in our comparison. A significant
obstacle in our analysis was the lack of a diagnosis of ADTKD prior
to pregnancy in many participants, which resulted in limited eGFR
measurements. We therefore estimated eGFR for cohort participants.
There was an increasing rate of complications with worsening esti-
mated kidney disease stage, suggesting that our estimations were in
general successful. We found that 58/159 (36%) of pregnancies were

in estimated Stage 2 CKD and that 54/159 (34%) pregnancies were
in estimated Stage 3 CKD. In our ADTKD registry in women with
available serum creatinine measurements, we found a median eGFR
at age 25 years (the median age of pregnancy in our cohort) to be
56.7 ml/min/1.73 m2 for 159 women and that 30% of patients had
Stage 3 CKD and 32% had Stage 3 CKD, very similar to what was esti-
mated in our pregnancy cohort. Also, temporal and geographic trends
in NICU admissions and cesarean section rates could have contributed
to differences. Another weakness of our study was that hypertension
was self-reported, and the definition of hypertension has changed
over time and may differ by country. However, the low rate of hyper-
tension is consistent with a low rate of hypertension found in patients
with ADTKD.26 Another weakness of this study was recall bias, as
many of the births occurred a number of years ago. Fortunately, mater-
nal recall of distant pregnancy events has been shown to be quite accur-
ate.27 Our study also included few Black individuals. Black individuals
are less likely to be referred and undergo genetic testing, and we are
trying to improve our outreach in this area.20 While these are notable
shortcomings that affected our ability to compare with other registries,
our cohort in general showed very favorable outcomes for maternal and
fetal health.

Given that mucin-1 is expressed in the uterus and breast and that uro-
modulin is expressed only in the kidney tissues, it is important to note that
there were no statistical differences in pregnancy outcomes between
patients with ADTKD-MUC1 and ADTKD-UMOD.

The results of our study suggest that pregnancies in women
with ADTKD were associated with good outcomes. It is important to
note that there appeared to be increasing loss of kidney function with
worsening baseline kidney function, and there were more complica-
tions with a more advanced stage of CKD or in patients with
hypertension.

We believe that the following recommendations are important for
women with ADTKD: (1) If possible, pregnancy should not be delayed
and considered earlier in life, when kidney function is better and when
maternal and child outcomes will be improved. (2) Angiotensin converting
enzyme inhibitors and allopurinol should be stopped prior to pregnancy or
if the possibility of becoming pregnant exists. (3) Overall, patients are
likely to have good outcomes with pregnancy especially if normotensive
at time of pregnancy, though further information in the change in eGFR
during pregnancy is needed.

Figure 2. Estimated glomerular filtration rate (eGFR) values before and after pregnancy for 10 women in whom data was available.
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