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Abstract

Purpose: To evaluate the impact of detailed family history on the severity of disease and age of
onset in patients with urolithiasis.

Methods: Prospectively collected data from a single institution between October 2015 and
December 2020 was analyzed. Our primary endpoint was the number of patients experiencing at
least one recurrent stone during the follow-up period.

Results: Of 1566 patients analyzed, 603 (39%) reported at least one family member with a
history of stones. The percentage of patients experiencing at least one recurrent stone event was
higher in patients with a family history of stones (38%) compared to those without a family
history of stones (28%) over a median follow-up period of 8 months (p=0.001). On multivariate
analysis, the presence of any family history of urolithiasis increased risk of recurrent stone events
(odds ratio [OR] 1.62, p<0.001). The presence of both a first- and a second-degree relative with
urolithiasis was associated with higher odds for a recurrent stone event (OR 2.17; p=0.003) and a
younger age of onset for stones, (OR 3.32; <0.001). A maternal side relative with stones conferred
a higher odds ratio for younger age of first onset of stones (OR 2.93; p<0.001).
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Conclusion: Any family history of kidney stone disease imparts an increased risk of recurrent
stone event and an earlier age of onset for urolithiasis. The presence of both first- and second-
degree relatives or a maternal side relative with kidney stones may be a predictor for an earlier age
of onset for urolithiasis.

Keywords

family history; degree of relative; paternal side relative; maternal side relative; recurrent stone
events

INTRODUCTION

The probability of stone recurrence is approximately 50% [1], and as many as half of
asymptomatic stones develop symptoms within 5 years [2,3]. Tools to help prognosticate
risk of stone recurrence are useful for patients and clinicians to inform the relative
importance of metabolic testing and treatment as well as follow-up timing.

Family history is a known risk factor for urolithiasis [4]. Positive family history for
urolithiasis is associated with a 30-50 percent higher risk of stone recurrence [5-8].
Studies have demonstrated that a family history of urolithiasis increases the relative risk
of urolithiasis by 2.57-fold in men. Given the association of family history with stone
recurrence, the American Urological Association guidelines recommend metabolic testing
in first time stone formers with a family history of urolithiasis [9]. However, the impact of
having a first- or second-degree relative with stone disease or parental sidedness of stone
disease on future stone events is not well understood.

The objective of this study was to compare the impact of having a first- or second-degree
relative with stone disease and parental sidedness of stone disease (paternal or maternal) on
age of onset of stone disease and risk of stone recurrence.

MATERIALS AND METHODS

Study design and patient enrollment

This was an analysis of prospectively collected data at University of California, San
Francisco (UCSF) between October 2015 and December 2020. After approval by the
institutional review board (CHR 14-14533), consecutive new patients presenting to UCSF
Urology Clinic were enrolled into the ReSKU [10]. ReSKU interfaces with the electronic
medical record to automatically populate patient clinical and imaging data for research
purposes. ReSKU clinical information is managed using REDCap (Research Electronic Data
Capture) [11] electronic data capture tools hosted at UCSF as described previously. All
subjects enrolled in ReSKU provide written consent by principal and co-investigators.

Data collection

Patient demographics, family history, and clinical data, including presence or absence of
bilateral stones, total stone burden and stone number, and past stone history, were obtained
at the first clinic visit. Stone burden at the initial visit and throughout the follow-up period
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was determined using imaging (computerized tomography; CT, kidney, ureter, and bladder
X-ray; KUB, and ultrasound; US). The age of first onset for urolithiasis and the number

of previous stone episodes for patients who reported a positive past stone history were also
collected. Detailed family history of kidney stones was recorded for first- and second-degree
relatives, and paternal- and maternal side relatives. Total stone burden (based on imaging),
self-reported symptoms, and self-reported stone passage, were collected at each follow-up
visit. Detailed information about stone surgery was also captured for each patient. Metabolic
stone work-up including 24-hour urine collection and serum studies and stone compaosition
(primary component) were recorded. The initial data were included if patients underwent at
least two tests at the time of data analysis.

Since races/ethnicities other than White, Asian, Black, and Hispanic/Latin were too few to
perform statistics, their data was omitted from the present analyses.

Classification of detailed family history

Outcomes

First degree relatives were defined as parents, children, or siblings and second degree
relatives were defined as grandparents, uncles, aunts, nephews, or nieces [12] Paternal side
relatives included father, paternal side grandparents, uncles, and aunts and maternal side
relatives included mother, maternal side grandparents, uncles, and aunts. Detailed family
history data was obtained by patient self-report.

Our primary outcome was recurrent stone events (defined as development of symptoms,
stone passage, or stone intervention) during the follow-up period. Our secondary outcomes
were age of initial stone presentation, bilateral stones, past stone history, and number of
previous stone episodes. There is no exact definition of early onset age for kidney stones. In
some previous reports, Halbritter J, et al. [13] defined it as onset age <40 years, while Daga
A, et al. [14] defined it as onset age < 25 years. Given the first episode of the stone event is
most likely to occur after age 30 [15], patients with first stone event at age < 30 years old
were defined as young age of onset.

Statistical Analysis

RESULTS

Continuous, normally distributed variables were expressed with means (standard deviation),
whereas non-normally distributed variables were described with medians. Categorical
variables were presented with frequency (percentage). Chi-square and Fisher exact tests
were used for categorical variables and unpaired Student’s t-test and Mann-Whitney U

test for continuous variables. Logistic regression was performed as a multivariate analysis.
Each regression model was adjusted with age, gender, Metabolic syndromes (hypertension,
hyperlipidemia, diabetes mellitus, obesity), and White Race. Differences were considered
statistically significant at p < 0.05. All statistical analyses were performed using R.

Of 1614 patients, 1566 had detailed information about family history of stones captured
and were included in analysis. Of these, 603 (39%) reported at least one family member
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with a history of stones and 179 (11%) reported multiple family members with stones.
Patient characteristics are summarized in Table 1. Patients with a positive family history

of urolithiasis were more often female, and white race compared to those without a family
history of urolithiasis. Positive family history was associated with a younger age of onset of
stone disease and increasing number of prior stone episodes.

Initial management was observation in 1192 (76%) patients and surgery in 374 (24%). A
total of 828 patients had at least one follow-up visit and were included in the analysis for
stone related events. The percentage of patients experiencing at least one recurrent stone
event was higher in patients with a family history of stones (38%) compared to those with
no family history of stones (28%) over a median follow-up period of 8 months (Table 1;
p=0.001).

Of patients with a positive family history of urolithiasis, 402 (67%) patients had a first-
degree relative only and 75 (12%) patients had both first- and second-degree relatives with

a history of urolithiasis. One-hundred eighty patients (30%) had relatives on the paternal
side, and 127 (21%) patients had relatives on the maternal side with family history of stones.
Compared to patients without a family history of stones, any family history (first-degree
relatives only, both first- and second-degree relatives, paternal or maternal side relatives)
was associated with bilateral stones, increased number of prior stone episodes, younger

age of onset for the first stone event, and higher ratio of patients experiencing at least one
recurrent stone event (Table 2).

Sub-analysis of detailed family history demonstrated that bilateral stones (36% vs. 24%,
p=0.038) and younger age of onset (p<0.001) was more common in those with both first-
and second-degree relatives with stones compared to those with only first-degree relatives
with stones (Supplemental Table 1). Patients with only maternal-side relatives with stone
history had a younger age of onset for the first stone event compared to those with only
paternal-side relatives with stone history (p=0.046) (Supplemental Table 1).

In multivariable analysis (Table 3), having a first degree relative with stone disease was
associated with a 1.6 (95% confidence interval; Cl 1.18-2.12, p=0.001) increased odds

of recurrent stones, while having both a first and second-degree relative with stones was
associated with a 2.17 (95% CI 1.29-3.63, p=0.003) increased odds of recurrent stone
disease compared to those without a family history of stones. Positive family history of
stone disease was associated with a higher risk of bilateral stones (OR 1.54, 95% CI 1.2—
1.98, p<0.001), age of onset <30 years (OR 1.84, 95% CI 1.44-2.36, p<0.001), prior stone
episodes (OR 1.55, 95% CI 1.25-1.92, p<0.001), and history of 6 or more prior stone
episodes (OR 2.19, 95% CI 1.65-2.9, p<0.001). Having both a first- and a second-degree
relative and a maternal side relative conferred a higher odds ratio for a younger age of onset
of stones (OR 3.32, 95% CI 2.04-5.41, p<0.001, OR 2.93, 95% CI 2.09-4.11, p<0.001,
respectively).

24-hour urine examinations were obtained in 433 (28%) patients. Having any family history
of urolithiasis was associated with higher calcium levels and higher urinary pH than those
without a family history of stone disease (Supplemental Table 2). Patients with paternal side
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relatives had a larger amount of phosphate and magnesium. The amount of oxalate was
smaller in patients with maternal side relatives with stone family history than those without
any family members with stone history.

DISCUSSION

Although family history is a known risk factor for stone disease, detailed analysis of family
history in patients with stone disease has been lacking. In this analysis of 1566 patients,
having both first- and second-degree relatives with stone disease was associated with an
increased risk of stone recurrence and earlier age of onset of urolithiasis compared to those
with only first-degree relatives and those with no family history of stone disease. This
corresponded with findings on 24-hour urine studies in which those with both first and
second-degree relatives with kidney stones had higher urine calcium levels compared to
those with only first-degree relatives with stone disease and those with no family history of
stone disease.

Similar to our findings, Hemminki et al found an increased risk of urolithiasis in patients
with two or more siblings with stone disease compared to those without stone disease using
a Swedish registry containing 211718 patients with urolithiasis [16]. These findings indicate
that patients with multiple family members with stone disease are at particularly high risk
for future stone episodes and may warrant closer follow-up and more aggressive stone
prevention techniques.

We also found that family history of stones on the maternal-side was more strongly
correlated with a younger age of onset for the first stone event compared to family history
of stones on the paternal-side. It is possible that both environmental and genetic factors
underlie this finding. Daily dietary habits and physical activities are strongly associated
with obesity and could be responsible for an increased risk of kidney stones [17]. Maternal
dietary habits have been shown to transmit to children more strongly than paternal dietary
habits [18,19], and mothers’ physical activity is more likely associated with children’s
activity than fathers’, attributable to mothers spending greater time with their children [20].
Johannsen et al. also showed that children’s weight was related to mothers’ but not fathers’
BMI [21]. There data suggested children are likely to develop kidney stones if their mother
has stones. There is a possible association between mitochondrial dysfunction and kidney
stone disease [22—24]; while this association has not held true for several hereditary stones,
mitochondrial dysfunction is x-linked and explains maternal genetic linkage for many other
diseases. It may represent a plausible explanation for our result.

We found that urinary calcium levels were higher in those with a family history of
urolithiasis, especially those with both first- and second-degree relatives with stone disease.
Similar to our findings, Guerra et al. [7, 25] found that positive family history of urolithiasis
was associated with a larger amount of calcium excretion in women, especially, maternal
side of family history that influenced it. Furthermore, calcium excretion was higher in
children aged 5-12 years with a urolithiasis family history compared to those without a
family history of stones [26].
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Since there exists the possibility that some hereditary kidney stone diseases and specific
types of stones with known genetic etiology could affect the results, we performed sub-
analyses excluding them. We identified 18 patients with cystinuria, 2 with Dent disease, and
1 with a drug stone in our cohort. Sub-analyses excluding those patients with genetic stones
showed no affect on our primary results (Supplemental Table 3).

Limitations of this study include potential recall bias of personal and family history of
stones. Because this was a single-institution study;, it is possible that the patient population
may not reflect the larger population. However, the ethnic breakdown in our study was
similar to that seen in other stone epidemiologic studies [17]. Although data was collected
prospectively, the analysis was performed retrospectively which may have introduced bias.
With regard to the methods for assessing the stone presence and burdens, we utilized CT,
KUB, and US. These differences in methods could affect the results, given their different
accuracies. While a single method would be ideal, registry data provides a reflection of real-
world practice. Our follow-up period was relatively short (median 8 months) and follow-up
data was only available for approximately half of the patients. Forty-eight patients (2.9%)
whose family history was unknown were excluded from analysis, and this could introduce
potential confounding. Nevertheless, our sample size was relatively large with 1566 patients
and 828 receiving at least one follow-up visit. Strengths of our study were use of more
objective outcomes in addition to self-reported outcomes including our primary outcome of
stone recurrence during the follow-up period and 24-hour urine study results.

We concluded any family history of kidney stone disease imparts an increased severity of
urinary stone disease on patients. Furthermore, the presence of both first- and second-degree
relatives or a maternal side relative with kidney stones may be a predictor for an earlier age
of onset for urolithiasis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Baseline characteristics of those with and without family history of stone disease

FMH (-) FMH (+) p-value
Initial clinical visit N=963 N=603
Age (y.0) 58.0 (16.6) 52.3 (16.6) <0.001
Male gender (%) 532 (55.2) 297 (49.3) 0.026
Body mass index (kg/m?) 28.2 (7.0) 28.0 (7.1) 0.555
Metabolic syndrome (%) 251 (26.1) 182 (30.2) 0.086
Race/Ethnicity (%) White 665 (69.1) 468 (77.6) <0.001
Hispanic/Latino 129 (13.4) 55 (9.1)
Asian 112 (11.6) 65 (10.8)
Black 57 (5.9) 15 (2.5)
Bilateral stones (%) 177 (18.4) 164 (27.2) <0.001
Total stone burden (mm) 7.00 [0.00, 100.00] 7.00[0.00, 157.00]  0.784
Total stone number 0 262 (27.2) 159 (26.4) 0.672
1 321 (33.3) 187 (31.0)
2 133 (13.8) 83(13.8)
3 63 (6.5) 41 (6.8)
24 184 (19.1) 133 (22.1)
Age of first onset for stone (%) =10 (y.0) 16 (1.7) 10 (1.7) <0.001
11 and 20 52 (5.4) 72 (11.9)
21 and 30 117 (12.1) 111 (18.4)
31and 40 130 (13.5) 116 (19.2)
41 and 50 157 (16.3) 115 (19.1)
51 and 60 193 (20.0) 87 (14.4)
261 298 (30.9) 92 (15.3)
Past stone history (%) 477 (49.5) 364 (60.4) <0.001
Number of previous stone episode (%) 1 192 (40.9) 104 (29.0) <0.001
2 80 (17.1) 52 (14.5)
3 42 (9.0) 34 (9.5)
4 26 (5.5) 14 (3.9)
5 20 (4.3) 16 (4.5)
26 109 (23.2) 139 (38.7)
Follow up clinical visit N=493 N=335
Duration of follow up (month) 7.00 [0.00, 56.00] 9.00 [0.00, 54.00] 0.068
Increase of stone burden (%) 73 (19.1) 62 (23.1) 0.448
Recurrent stone event 21 (%) 136 (27.6) 128 (38.2) 0.001
N=242 N=166
Primary stone component Calcium Oxalate 158 (65.3) 102 (61.4) 0.072
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FMH (-) FMH (+) p-value
Initial clinical visit N=963 N=603
Calcium Phosphate 37(15.3) 27 (16.3)
Urate 15 (6.2) 15 (9.0)
Cystine 4(1.7) 10 (6.0)
Other 28 (11.6) 12 (7.2)

FMH = family history; y.o = years old.
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Unno et al.

Multivariate analysis of clinical outcomes for stones regarding detailed stone family history.

Table 3.

Logistic regression model odds ratio  p-value 95% ClI
any FMH 1.54 <0.001  (1.20-1.98)
first-degree relative 1.30 0.06 (0.99-1.70)

Bilateral stones first-&second-degree relative 1.92 0.009  (1.17-3.16)
Paternal side relative 1.37 0.056 (0.99-1.89)
Maternal side relative 1.19 0.37 (0.82-1.72)
any FMH 1.84 <0.001  (1.44-2.36)
first-degree relative 1.42 0.01 (1.09-1.85)
Age of first onset for stone < 30 y.0 first-&second-degree relative 3.32 <0.001 (2.04-5.41)
Paternal side relative 1.53 0.008 (1.11-2.10)
Maternal side relative 2.93 <0.001 (2.09-4.11)
any FMH 155 <0.001 (1.25-1.92)
first-degree relative 1.47 0.001 (1.16-1.86)
Past stone history first-&second-degree relative 2.01 0.007 (1.21-3.33)
Paternal side relative 1.57 0.002  (1.17-2.11)
Maternal side relative 1.44 0.028  (1.04-2.01)
any FMH 2.19 <0.001  (1.65-2.90)
first-degree relative 1.71 <0.001 (1.27-2.29)
Number of previous stone episodes 2 6  first-&second-degree relative 2.66 <0.001 (1.60-4.42)
Paternal side relative 1.84 <0.001 (1.31-2.59)
Maternal side relative 1.70 0.007 (1.15-2.51)
any FMH 1.62 <0.001 (1.23-2.13)
first-degree relative 1.58 0.001  (1.18-2.12)
Recurrent stone event 21 first-&second-degree relative 2.17 0.003 (1.29-3.63)
Paternal side relative 1.93 <0.001  (1.38-2.71)
Maternal side relative 1.72 0.004  (1.18-2.51)
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Each regression model was adjusted with age, gender, Metabolic syndromes (hypertension, hyperlipidemia, diabetes mellitus, obesity), and White

Race.

FMH = family history; CI = confidence interval; y.o = years old.
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