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Abstract

- Siri @vereng Juliebg® - Bhaskar K. Somani*

Purpose of Review The prevalence of kidney stones is rising and historically carries a preponderance for males. However,
recent evidence has questioned whether this gender gap is closing. The aim of this systematic review was to examine this

further as well as evaluate possible underlying causes.

Recent Findings Recent evidence confirms the disparity in kidney stone disease between genders is closing. In the modern
era, the rise in prevalence among females has been greater, especially in adolescence. Quality of life is also more adversely
affected by kidney stone events among females who are also more likely to develop sepsis after endourological surgery.
Males, however, are more likely to present with stone events during periods of high ambient temperatures

Summary Recent literature demonstrates a temporal change in the disease burden of KSD among men and women. The lat-
ter, especially adolescent females, are more likely to develop KSD in their lifetime compared to previous eras. Determining

causation is complex and continued research is warranted.

Keywords Kidney calculi - Ureteroscopy - Percutaneous nephrolithotomy - Gender - Quality of life

Introduction

Kidney stone disease (KSD) has a lifetime prevalence of
14%, and longitudinal studies have confirmed it is rising.
Since the 1990s, the number of people affected by KSD
has risen from 1 in 20 persons to 1 in 11 persons [1].
Given that 50% of patients will experience stone recur-
rence within 5 years, the resultant burden of KSD is exten-
sive [2]. The associated cost impact on a global scale is
estimated to exceed $4 billion by 2030 [3]. Saigal et al.
determined the average number of working days lost per
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annum as a result of KSD is 19 days [4]. Cost analysis
performed by Geraghty et al. revealed the cost of KSD is
comparable to the combined cost of prostate cancer and
bladder cancer in the UK [5].

In addition to the economic burden, the sequelae of KSD
include deterioration in quality of life related to anxiety,
fatigue and loss of sleep. A number of aetiological determi-
nants are associated with KSD, and these include comorbid
conditions such as hypertension and diabetes mellitus (DM)
as well as lifestyle factors such as obesity and smoking [6,
7]. Understanding such causative factors can enable the cli-
nician to drive tailored management and prevention strate-
gies. While men are nearly twice as likely to develop KSD
in their lifetime compared to women, the prevalence of KSD
among the latter sex is increasing. The historical gender gap
in KSD is therefore closing. Being able to curate advice
further based on patient’s gender would heighten this per-
sonalized stone approach even further [8]. While an increas-
ing number of original studies have been performed in an
attempt to better understand the relationship between gender
and KSD, evaluation and dissemination of these findings
remains underreported. An understanding and appreciation
of such evidence is of paramount importance to the clini-
cians as they strive to deliver the best care possible. This
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systematic review serves as an overview of these new find-
ings based on the latest updates in the world literature.

Methods

A systematic review of world literature was performed to
identify original studies in English language, including
basic science studies relating to KSD and gender differ-
ences. This was performed in accordance with the Preferred
Reporting of Systematic Reviews and Meta-analysis guide-
lines (PRISMA) guidelines [9]. A time restriction of the
past 5 years was placed in order to gain the most up to date
findings. Search terms included (but not limited to) ‘male’,
‘female’, ‘gender’, ‘sex’, ‘urolithiasis’, ‘calculi’ and ‘stone
disease’. Databases searched included Medline, EMBASE,
Google Scholar and SCOPUS. Areas of interest that were
identified and studied on gender differences included.

1. Epidemiology of the gender gap
2. Quality of life (QoL)

3. Role of hormones

4. Stone composition

5. Post intervention sepsis

6. Gender difference in Paediatrics
7. KSD and ambient temperature
Results

From a total of 681 articles, 31 articles satisfied our pre-
determined criteria and were selected for inclusion in our
final review (Table 1).

Epidemiology of Gender Gap

Seven studies have been reported since 2015, which offer
up-to-date epidemiological perspectives on gender dif-
ferences in KSD [10-16]. Abufraj et al. evaluated data
from the US National Health and Nutrition Examination
Survey (NHNES), and this revealed that between 2008
and 2018, the prevalence of KSD increased significantly
among women (6.5% vs. 9.3%, (Pyeng=0.001) [10]. How-
ever, there was no significant increase among men. Risk
factors specific to women were identified and included
increasing number of previous pregnancies (2 pregnancies
— OR 1.64, CI 1.1-2.23; 3 or more pregnancies — OR
2.17, CI 1.63-2.88), menopause (OR 1.61, CI 1.21-2.15)
and female hormone use (OR 1.38, CI 1.15-1.65). Two
further groups reported on the same national database [11,
12]. Tundo et al. focused their analysis on adults younger
than 50 years of age in order to better understand the bur-
den of the disease on working age group [12]. The authors
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determined that women of working age were just as likely
as men to develop KSD. All the analysis carried out by
the separate groups consistently reported that amongst
adolescent females, the rate of increase was the greatest.
Hsi et al. performed analysis of data from a prospective
sample, the South Community Cohort Study, which also
has confirmed the rise in female KSD [13].

In another retrospective review, Masterson et al. looked
at over half a million Navy personnel and found the inci-
dence of KSD in women was in fact higher than men (OR
1.17, p <0.0001) [14]. Given the strict medical work up
required in this area of work, to ensure safe flight status,
this analysis included a large number of asymptomatic
stones. It has been postulated that this may be one of the
explanations why the rising trend is seen in the female
population. Indeed, recent follow up data made availa-
ble from the Olmsted County study reveals that women
were more likely to be asymptomatic stone formers [15].
Vaughan et al. reviewed nearly 5000 stone episodes at a
US centre and found that compared to women, men were
significantly more likely to have a symptomatic recurrence
following their initial presentation with stones (HR 1.25,
p=0.002) [16].

Quality of Life

As part of the evolution for patient centred and holistic
care, an increasing number of studies now include quality
of life (QoL) as an outcome measure [17]. Four recent
studies were identified, which explored this theme [18-21].
Stern et al. evaluated data from the North American Stone
Quality of Life Consortium and found that younger, stone
patients tolerated stone events less favourably than men
[18]. Younger women had a significantly lower health-
related quality of life (HRQoL) scores compared to older
men (OR 1.56, p=0.0003). Moreover, this difference was
consistent across all four domains measured (social func-
tioning, stone related impact, vitality and emotional func-
tioning). This would be consistent with recent data from a
study by Maccraith et al., which recorded that this group
was most likely to have a re-admission to the emergency
department after ureteroscopy (URS) [19]. Patel et al. car-
ried out a survey to explore the impact of KSD on QoL and
recorded a worsening trend in females under 40 years of
age [20]. Previous evidence has shown that KSD impacts
more negatively on care givers than primary income earn-
ers, and some author groups have speculated that this may
offer some explanation to the above findings [18]. Islamoglu
evaluated the role of menopause on pain experienced
during shockwave lithotripsy (SWL) and reported women
post menopause to have significantly lower pain scores
than younger women (p <0.001) [21].
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Table 1 Summary of included studies with key findings from it

Author/year Level of Sample size Key finding
evidence

Gender gap

Abufaraj/2020 [10] 1Ib 34,749 Increasing numbers of previous pregnancies, menopause and female hormone use
increases the risk of stone formation

Vaughan/2019 [16] 1Ib 3364 Men significantly more likely to have symptomatic recurrence

Hsi/2018 [13] IIb 42,136 Prevalence of KSD among female has risen

Masterson/2017 IIb 667,840 Incidence of KSD higher among female navy personnel

Tundo/2018 [11] IIb 16,658 Women of working age were just as likely as men to develop KSD

Chen/2019 [12] IIb NR Prevalence of KSD among female has risen

Kittanamongkolchai/2018 [15] 1Ib NR Women are more likely to be asymptomatic stone formers

Quality of life

Stern/2019 [18] IIb 2052 Quality of life in women is more negatively impacted by stones than in men

Macraith/2020 [19] I 142 Young women most likely to be re-admitted to ED post-URS

Patel/2017 [20] 111 103 ‘Women under 40 are most adversely affected by KSD on quality of life

Islamoglu/2019 [21] 111 145 Young women most likely to experience SWL-related pain

Role of hormones

Nackeeran/2020 [24] 1Ib 10,193 No correlation between abnormal sex hormone levels and KSD

Peerapen/2019 [22] I - In canine renal tissue, oestrogen reduces expression of calcium oxalate receptors,
reduces crystal-binding capacity and reduces intracellular ATP

Zhu/2019 [23] I - In rodent models, oestrogen deprivation led to increased calcium oxalate deposition in
renal tissue and increased urinary oxalate excretion

Xia0/2020 [26] 1Ib 7257 Female diabetics more protected from KSD by ACE inhibitors than male diabetics

Stone composition

Kravdal/2019 [27] 1Ib 1252 Men more likely to have calcium oxalate monohydrate stones; women more likely to
form carbonate apatite and struvite stones

Wang/2020 [28] IIb 1532 Male stone formers younger and more likely to have metabolic disorders; female stone
formers more likely to have mixed stone composition and a history of UTI

‘Wood/2019 [29] 1Ib 589 Male stone formers excrete more calcium and oxalate into their urine and have lower
urinary pH and higher rates of urine supersaturation with uric acid

Post-intervention sepsis

Southern/2019 [32] IIb 3298 Women are more likely to develop sepsis after ureteroscopy, and more likely to have
positive pre-operative urine cultures and infection stones

Lorenzo Soriano/2019 IIb 203 Women are more likely to develop infectious complications after PCNL than men

[33]

Diaz Pérez/2019 [35] I 246 Women are more likely to develop urosepsis after ureteroscopy than men

Nevo/2017 [34] 1b 1256 Female gender is a risk factor for post URS sepsis

Baboudijan/2020 [36] 1l 604 Female gender is a risk factor for post URS sepsis

Ozso0y/2015 [37] 1l 927 Female gender is a risk factor for post URS sepsis

Wood/2020 [38] IIb 227 Female gender is a risk factor for post URS sepsis

Paediatrics

Schwaderer/2019 [43] I 136 Girls with stones were more likely to have a positive leukocyte esterase test, were sig-

nificantly shorter and less likely to have biochemical evidence of volume depletion
than their male counterparts

Taisan/2016 [42] IIb 152,925 Lifetime risk of developing KSD among females increased by 45% during study period
Meiouiet/2019 [44] III 432 Majority of girls had calcium oxalate stones

Seasonal variation

Vicedo-Cabrera/2020 1Ib 132,597 Men are disproportionately affected by increased ambient temperature than women
[45]

Ordon/2016 [47] 1Ib 423,396 Men most likely to present with KSD in high ambient temperatures

Fukuhara/2016 [48] 11 491 Men most likely to present with KSD in high ambient temperatures
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Role of Hormones

It has been hypothesised that sex hormones may have a sig-
nificant role in gender differences for KSD, and 5 studies
were identified which investigated this further [22-24, 26].
Peerapen et al. investigated the effects of oestrogen in the
kidney [22]. They demonstrated that oestrogen (i) reduces
surface expression of two calcium oxalate crystal receptors,
(i) reduces crystal binding capability and (iii) reduces intra-
cellular ATP in renal tubular cells. These may all contribute
to a favourable environment within the kidney, thus reducing
the risk of stone formation in women of reproductive age.
Zhu et al. used rodent models to demonstrate that oestrogen
receptor knock-out mice and rats treated with an oestrogen
receptor antagonist had increased renal calcium oxalate
deposition and increased urinary oxalate excretion, and as
a result, the activity of oestrogen in healthy females may be
protective against KSD [23].

Conversely, Nackeeran et al. examined the possible role
of sex hormones on the risk of stone formation by measuring
the testosterone and oestrogen levels in over 10,000 Ameri-
can patients who self-reported a history of KSD [24]. They
concluded that abnormal testosterone levels (both high and
low) did not significantly increase the risk of stone forma-
tion. They also found no correlation between low oestrogen
(in both genders) and KSD. However, given the timings of
the study, the sex hormone levels were likely measured after
some duration of the stone episode, so does not necessarily
represent the levels at the time of stone formation.

There is some evidence to support a protective role of
ACE-inhibitors on stone formation [25]. Xiao et al. per-
formed a cross-sectional analysis in order to investigate this
further amongst a population with type 2 diabetes melli-
tus (DM) [26]. The protection achieved among women was
superior to men. This may be due to androgen-mediated cal-
cium excretion in male kidneys counteracting the protection
derived from ACE inhibitors.

Stone Composition

Three studies were identified which investigated the
association of stone composition and gender [27-29].
Kravdal et al. analysed a series of over 1250 stones col-
lected at surgery from a Norwegian population [27]. They
found that men were more likely to have calcium oxa-
late monohydrate stones than women (males, 57.3% vs
females, 47.1%, p <0.001), and women were more likely
to have carbonate apatite (females, 16.2% vs males, 7.8%,
p <0.001) and struvite (females, 10.6% vs males, 3.0%,
p <0.001) stones. Wang et al. performed a similar analy-
sis of over 1500 stones collected at their tertiary centre
[28]. Women were more likely to have mixed composi-
tion stones (females, 70.9% vs males, 57.0%, p <0.001)
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and more likely to have a history of urinary tract infection
(UTI) (females, 39.1% vs males, 35.7%, p=0.042). They
also found that women were statistically more likely to
have renal as opposed to ureteric stones (females, 85.2%
vs males, 77.4%, p <0.001).

Wood et al. published an analysis of over 500 stone
patients who had 24-h urine collections performed [29]. This
showed that men excreted more calcium (mg/day) (males,
217.7 vs females, 180.1, p=0.0002) and oxalate (mg/day)
(males, 43.2 vs females, 34.20, p <0.0001) into their urine
than women, had a lower pH than women (males, 6.03 vs
females, 6.20, p=0.0001) and were more likely to have
supersaturation of uric acid in their urine than women (mg/
day) (males, 1.03 vs females, 0.70, p <0.0001). The latter is
consistent with existing literature highlighting that women
are less at risk of high urate levels than men, resulting in a
male predominance in uric acid stones and gout [30]. The
basis for this may be hormonal, and they found multiple
mechanisms by which the expression and activity of uric
acid transporters are affected by oestrogen, which goes some
way to explain the gender difference in pathology related to
hyperuricaemia.

Post-intervention Sepsis

Sepsis is the leading cause of KSD-related mortality [31].
Seven studies were identified, which investigated sepsis
post-KSD intervention [32-38]. It has previously been
demonstrated that women have higher sepsis rates after
ureteroscopy (URS) than men [39]. Southern et al. con-
firmed this in a retrospective analysis of over 3000 URS
cases (OR 1.6, CI 1.19-2.15) [32]. Another study recorded
a significantly higher rate of post-operative sepsis after per-
cutaneous nephrolithotomy (PCNL) in women (OR 7.8,
p=0.001) [33]. Overall, all the studies determined female
gender to be a risk factor for developing sepsis post-stone
surgery [32-38].

Gender Difference in Paediatrics

The prevalence of KSD is also increasing in the paediatric
setting [40]. A large contributing factor for this is considered
to be the paralleled rise of body mass index (BMI) in this age
group [41]. Three studies were identified, which investigated
gender differences in paediatric KSD [42—44]. Taisan et al.
reported findings from a longitudinal study over a 30-year
period and found the overall risk of KSD doubled in chil-
dren [42]. Furthermore, the lifetime risk of developing KSD
among females increased by 45% during the study period
(1997-2012). Both this study and one by Schwadrerer et al.
recorded that girls were most likely to experience KSD in
adolescence [42, 43]. This age group is increasingly affected
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Table 2 Summary of findings on gender differences on different areas of interest

Theme Summary

Gender gap

Stone composition
than women

Rise in prevalence of KSD is greater among women than men

Men more likely than women to have metabolic disorders (obesity, type 2 diabetes mellitus) and present at a younger age

Men excrete more calcium and oxalate into their urine than women, have a lower urine pH and are more likely to have

uric acid supersaturation than women
Quality of Life

Role of hormones
increased oxalate excretion and deposition

Women'’s quality of life is more affected by KSD than men, with worse QoL in most domains

Oestrogen produces a favourable renal environment to protect against nephrolithiasis, while oestrogen antagonists cause

Post procedure sepsis Women are more likely to develop sepsis after procedures such as ureteroscopy and percutaneous nephrolithotomy

Paediatrics

Prevalence of KSD is rising among children. In paediatric setting, females most likely to suffer KSD during adolescence

Ambient temperature Men have a bigger increase in stone presentations during warm weather than their female counterparts

by KSD which is consistent with findings from NHNES [10].
Meiouiet et al. studied stone composition in 432 paediatric
calculi [44]. Girls had calcium oxalate stones in 72.3% of
cases compared to 42.7% in boys (p <0.00001).

KSD and Ambient Temperature

Three studies were identified, which investigated gen-
der differences in the setting of warmer seasons [45, 47,
48]. Vicedo-Cabrera et al. analysed data from admission
to emergency department (ED) across 68 centres in a
US state between 1997 and 2015 [45]. When the highest
ambient temperatures were recorded, a significantly higher
proportion of men were admitted with KSD (males, RR
1.73 vs females, RR 1.15, p <0.001). This is consistent
with previous evidence highlighting the seasonal variation
in KSD events as well as a recent population-based time
series analysis in Canada (RR=1.64 vs 1.22, p=0.006)
[46, 47]. Fukuhara et al. also reported that more ageing and
male patients presented with acute stone disease when the
ambient temperature was high [48]. It is difficult however
to determine whether the cause is related to occupational
behaviour or whether there may be a truly physiological
cause. The latter may be because there are more aqua-
porin channels in the proximal collecting tubule and thin
descending loop of Henle in men, which causes greater
water reabsorption and therefore more concentrated urine
[49]. This is consistent with a previous study which showed
that men have a lower urine volume in hot weather than
women [46].

Limitations and Future Research

This review offers insight into the evolving changes in
the global burden of KSD and the gender differences
that exist within it (Table 2). The heterogeneity of stud-
ies precludes a formal meta-analysis. Furthermore, the

nature of included studies introduces several limitations.
Cause-effect conclusions are difficult to establish in cross-
sectional studies and case control studies, such as where
patients record stone events are subject to recall bias.

In addition to the abovementioned possible causes for
the changes to the gender gap, the rise in obesity among
women, which is greater than among men, is likely a con-
tributing factor. Studies have shown obesity in women
leads to significantly greater supersaturation of calcium
oxalate [50]. Goldfarb et al. reported findings from a twin
registry and revealed the heritable component of KSD to
be greater in men than women [51]. Their findings support
the theory that environmental risk factors play a greater
role in women.

Data from the Nurses’ Health Study (NHS) I and II
showed long-term (> 2 months) antibiotic usage is an inde-
pendent risk factor for KSD [52]. Given the proportionally
higher volume of women who require long-term antibiot-
ics for chronic UTI, this may be another under-recognized
contributor to the epidemiological changes observed. More
needs to be done on standardizing the outcome parameters
and evaluating the QoL of these patients [53].

Conclusion

Recent literature demonstrates a temporal change in the
disease burden of KSD among men and women. The latter,
especially adolescent females, are more likely to develop
KSD in their lifetime compared to previous eras. Determin-
ing causation is complex, and continued research is war-
ranted. As our knowledge of risk factors for KSD deepens,
it should be mirrored in the dissemination of patient educa-
tion to help remedy these global trends. Clinicians should
strive to deliver a personalised stone approach as much as
possible.
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