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Abstract

Purpose To investigate the relationship between metabolic syndrome (MS) and urinary abnormalities in stone-forming
patients. Additionally, to delineate whether severity of urinary derangements is impacted by the number of co-occurring
MS components.

Methods Stone-forming patients who underwent initial metabolic workup prior to medical intervention at a comprehensive
stone clinic were retrospectively reviewed and included in the study. Patients were given a six point (0—5) Metabolic Syn-
drome Severity Score (MSSS) based on the number of co-occurring MS components and split into six respective groups.
Baseline clinical characteristics and metabolic profiles were compared between groups.

Results Four-hundred-ninety-five patients were included in the study. Median age and median BMI was 58 years and
27.26 kg/m?, respectively. Several significant metabolic differences were noted, most notably a downward trend in median
urinary pH (p <0.001) and an upward trend in median urinary supersaturation uric acid (p <0.001) across groups as MSSS
increased. Multivariate analysis demonstrated an independent association between higher MSSS and increasing number of
urinary abnormalities. A second multivariate analysis revealed that all MS components except hyperlipidemia were inde-
pendently associated with low urinary pH. Additionally, obesity was independently associated with the greatest number of
urinary abnormalities and had the strongest association with hyperuricosuria.

Conclusions Prior research has attributed the strong association of nephrolithiasis and MS to high prevalence of UA neph-
rolithiasis and low urinary pH. Our findings indicate that all MS components with the exception of hyperlipidemia were
independently associated with low urinary pH suggesting a mechanism independent from insulin resistance.
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Introduction

Metabolic syndrome (MS) is defined by several coexisting
risk factors, which collectively contribute to patient mor-
bidity. More specifically, MS is defined the presence of
three or more of the five following coexisting conditions:
obesity, diabetes mellitus (DM), hyperlipidemia (HLD),
hypertension (HTN), and hypertriglyceridemia (HTG) [1,
2]. Nephrolithiasis is a common urologic pathology and an
association between MS and kidney stone disease has been
identified [3]. In particular, insulin resistance, which is a
principal component of MS, has been implicated as a cause
of decreased urinary pH and concurrent increase in uric acid
urolithiasis [4-6]. However, the existing literature is limited
by a paucity of large cohorts with granular information on
both the clinical components of MS as well as 24-h urinary
parameters prior to the initialization of treatment.

Kidney stone formers frequently have metabolic abnor-
malities on 24-h urinalysis and accordingly, 24-h urine
analysis is recommended for the work up of recurrent stone
formers or patients suspected to be at an elevated risk for
recurrent stone formation [7]. Abnormalities on 24-h urine
analysis could present predictable, modifiable targets for
medical treatment and prevention of future stones. However,
prior research has suggested low utilization of 24-h urine
studies amongst high-risk stone formers [8]. Furthermore,
given the chronic nature of the MS, any added risk of uro-
lithiasis related to 24-h urine abnormalities may persist or
worsen throughout the patient’s life if left untreated. Prior
studies have demonstrated that the presence of a greater
number of MS features is associated with adverse outcomes
in other disease states. For example, the presence of five
MS components confers greater cardiovascular mortality
risk than the presence of three MS components [9]. Thus,
in the present study we seek to determine which, if any,
24-h urinary abnormalities are associated with MS, and if an
association exists between number of MS traits and severity
of 24-h urine analysis derangements.

Materials and methods
Data source and patient population

After obtaining Institutional Review Board approval, we
queried our existing endourology database of kidney stone-
forming patients who underwent initial metabolic workup
at a comprehensive kidney stone clinic in New York City,
New York between July 2016 and July 2020. Only patients
with a self-reported or specimen proven history of kidney
stones, no prior medical treatment of stone disease, and a
completed a 24-h urine analysis were included in the study.

@ Springer

Patients without any MS components were used as a referent
cohort and patients with one or two MS components were
included to assess whether metabolic changes occur on a
gradient with respect to increasing number of MS compo-
nents. Patients on any medications aimed at preventing kid-
ney stones at the time of 24-h urine collection were excluded
from the study.

Patient characteristics

Patients were scored on a six-point (0-5) MS severity score
(MSSS) adapted from the International Diabetes Federation
(IDF) and American Heart Association/ National Heart,
Lung, and Blood Institute (AHA/NHLBI) guidelines [2]. A
patient’s MSSS was defined by the sum of the following co-
occurring components: (1) obesity—body mass index (BMI)
>30 kg/mz, (2) DM——current diagnosis or HbAlc >6.5, (3)
diagnosis or treatment of HLD, (4) diagnosis or treatment
of HTN, (5) diagnosis or treatment of HTG. The purpose
of the zero to five scale used in our analysis was to evaluate
whether the effects of MS on metabolic urinary parameters
occur in a stepwise fashion. Each component of the MSSS is
weighed equally as is consistent with MS components when
conferring a clinical diagnosis.

Demographic, clinical, and urinary parameters

Patient demographics, BMI, glycated hemoglobin (HbA1c),
prescription medications, and history of DM, HTN, HLD,
HTG were obtained from their electronic medical record.
Urinary parameters including supersaturation calcium
phosphate (SSCaP), calcium (Ca24), oxalate (Ox24), cit-
rate (Cit24), supersaturation calcium oxalate (SSCaOx), pH,
supersaturation uric acid (SSUA), uric acid (UA24), sodium
(Na24), and ammonium (NH,24) were all collected using
the commercially available LithoLink (Litholink, Chicago,
IL, USA) 24-h urine analysis. Abnormalities for each metric
were identified as deviations from the normal range defined
within the LithoLink report.

Stone analysis

Stone samples, either passed and retrieved by the patient
or surgically retrieved, were analyzed using infrared spec-
troscopy (LabCorp, Burlington, NC, USA). Stones were
categorized into one of three groups: > 50% calcium oxa-
late (CaOx), > 50% uric acid (UA), or other/mixed based on
reported compositions.

Statistical analysis

Baseline patient characteristics were compared between the
six MSSS groups using Kruskal-Wallis test for continuous
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variables and chi-square test for categorical variables. Uni-
variate comparison of urinary parameters between study
cohorts were performed using Kruskal-Wallis tests. Bonfer-
roni post hoc testing was used for any significant metabolic
differences across the significant groups to elucidate any sig-
nificant inter-group differences. Multivariate linear regres-
sions were performed to analyze the association of urinary
composition and MSSS adjusting for patient characteristics
including age, sex, serum uric acid, and serum creatinine.
An additional multivariable linear regression was conducted
to analyze the independent effect of each component of MS
on each urinary parameter. Binomial regression was used
to analyze the relationship between MSSS and stone com-
position. All analyses were two-tailed and performed using
Stata/MP software version 14.1 (StataCorp, College Station,
TX).

Results
Baseline characteristics

Baseline characteristics between the six groups are pre-
sented in Table 1. Of the 1,056 patients in our database,
495 (46.9%) patients met the inclusion criteria and were
included in the study. A statistically significant difference
in median age (MSSS 0=52 years vs. MSSS 2 =54 years
vs. MSSS 3=61 years vs. MSSS 4=65.5 years vs. MSSS
5=58 years, p <0.001), median BMI (MSSS 0=25.1 kg/
m? vs. MSSS 1=28.0 kg/m? vs. MSSS 2=28.1 kg/
m? vs. MSSS 3=28.7 kg/m? vs. MSSS 4=29.8 kg/m?
vs. MSSS 5=34.8 kg/mz, p<0.001), and serum uric
acid (MSSS 0=4.6 mg/dL vs. MSSS 1=5.8 mg/dL vs.
MSSS 2=6.1 mg/dL vs. MSSS 3=5.6 mg/dL vs. MSSS
4=5.7 mg/dL vs. MSSS 5=7.1 mg/dL, p=0.025) was noted
between the groups. Additionally, gender distribution was
also found to be significantly different between the study
groups (MSSS 0=51.7% male vs. MSSS 1=46.9% male vs.
MSSS 2=62.5% male vs. MSSS 3 =57.9% male vs. MSSS
4=172.2% male vs. MSSS 5=52.6% male, p=0.039).

Metabolic syndrome and urine parameters

Based on univariate analysis, patients with a higher MSSS
score were more likely to demonstrate urinary derange-
ments in a 24-h urine test. As shown in Table 1, several
significant differences were noted including SSCaP (MSSS
0=0.8 vs. MSSS 1=0.6 vs. MSSS 2=0.6 vs. MSSS 3=0.4
vs. MSSS 4=0.3 vs. MSSS 5=0.2, p<0.001), urinary
pH (MSSS 0=6.2 vs. MSSS 1=5.9 vs. MSSS 2=5.8 vs.
MSSS 3=5.7 vs. MSSS 4=5.6 vs. MSSS 5=5.7, p<0.001)
(Fig. 1A), SSUA (MSSS 0=0.5 vs. MSSS 1=0.9 vs. MSSS
2=0.9vs.MSSS3=1.0vs. MSSS4=1.3vs. MSSS5=1.1,

p<0.001), and sodium excretion (MSSS 0=132.9 vs. MSSS
1=150.7 vs. MSSS 2=168.2 vs. MSSS 3=164.2 vs. MSSS
4=163.6 vs. MSSS 5=193.1, p=0.004). In the Bonferroni
post hoc test, groups of patients with 3, 4, and 5 MSSS risk
factors exhibited significantly lower pH compared to the O
MSSS risk factor group (MSSS 3=5.7 vs. MSSS 0=6.2,
p=0.021; MSSS 4=5.6 vs. MSSS 0=6.2, p<0.001; and
MSSS 5=5.7 vs. MSSS 0=6.2, p=0.037). Additionally,
the cohort with four risk factors had significantly greater
SSUA compared to the group with 0, MSSS 4=1.3 vs.
MSSS 0=0.5, p=0.003.

Multivariate linear regression analyses adjusted for age,
sex, serum creatinine, and serum UA revealed that patients
demonstrated significant urinary changes with a higher
MSSS (Table 2). Notably, when compared to patients with
MSSS equal to zero and held as a referent, patients with one
or more risk factors were significantly more likely to have
low urinary pH (MSSS 1 odds ratio [OR] 1.97, p=0.001;
MSSS 2 OR 2.48, p=0.002; MSSS 3 OR 3.15, p<0.001;
MSSS 4 OR 5.71, p<0.001; MSSS 5 OR 2.92, p=0.029).

Individual components of metabolic syndrome
and urine parameters

On multivariate testing, each MS component, aside from
HLD, was found to be independently associated with changes
in urinary parameters. Obesity was independently associ-
ated with hyperuricosuria (OR 3.3; CI 2.1-5.1, p<0.001),
increased SSUA (OR 1.63; CI 1.1-2.5, p=0.020), hyper-
calciuria (OR 1.65; CI 1.1-2.6, p=0.024), and hyperoxalu-
ria (OR 1.93; CI 1.3-2.9; p=0.002). Diabetes mellitus was
independently associated with increased SSUA (OR 1.68; CI
1.1-2.6, p=0.021), low urinary pH (OR 2.63; CI 1.7-4.1,
p <0.001). Hypertension was associated with lower urinary
pH (OR 1.56; CI 1.0-2.4; p=0.040) as was HTG (OR 1.8;
CI 1.0-3.1, p=0.038). No MS components were found to
independently predict hypocitraturia or elevated SSCaOx
(Table 2).

Stone analysis

Three-hundred-twenty-two patients had a known stone com-
position and were included in an additional sub-analysis per-
taining to stone composition (Supplementary Table 1 and
Fig. 1B). Patients in the MSSS 0 group had the highest rates
of predominately CaOx stones (79.2%), whereas only 60% of
those in the MSSS 3 group had predominately CaOx stones
(OR 0.39;95% CI1 0.19, 0.81, p=0.011). The decreased per-
centage of CaOx stones was due to an increased rate of UA
stones. Patients with MSSS equal to or greater than 2 were
found to have significantly higher rates of predominately UA
stones compared to patients with no MS risk factors (OR
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2.06-7.88, p<0.05). No significant differences were noted
in rates of mixed/other stones between groups.

An additional post hoc test was performed to assess dif-
ferences in UA stone rates between patients with obesity
and HLLD compared to patients with no obesity and no HLD.
In patients with obesity and HLD (n=162), 32 (68.09%)
formed UA stones compared to 15 patients (31.91%) in the
no obesity and no HLD cohort (n=160), p=0.008 (Sup-
plementary Table 2).

Discussion

Metabolic syndrome is a common and chronic health condi-
tion that has been associated with an increased risk of neph-
rolithiasis [1]. The American Urologic Association (AUA)
recommends that recurrent stone formers undergo a 24-h
urine analysis to identify modifiable urinary abnormalities
that may increase the risk of subsequent stone episodes [7,
10]. Yet 24-h urine studies are notably underutilized [8].

@ Springer
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Accordingly, understanding the 24-h urine findings of stone
formers with MS may help guide therapy in patients who
do not complete a 24-h urine analysis. To this end, in the
present study, we have analyzed associations between 24-h
urine studies and MSSS in a cohort of stone forming patients
treated at our tertiary stone clinic. We have identified several
important associations.

We found a significant inverse relationship between
MSSS and urinary pH. That is, as MSSS increased, uri-
nary pH decreased. Interestingly, this trend did not include
patients with MSSS =5. Given that this group had the small-
est number of patients (n=19), underpowering may have
prohibited the detection of a statistically significant result.
Additionally, we noted that there was a greater proportion of
UA stones amongst those with higher MSSS scores. These
findings are intuitive as uric acid crystallization is more
stochiochemically favorable under more acidic conditions.
Furthermore, urinary pH has been previously shown to be
inversely related to BMI and insulin resistance [4, 6, 11].

One proposed mechanism for lower urinary pH in MS
patients is the failure of insulin to promote proximal tubular
excretion of ammonia, which serves as a buffer for hydro-
gen ions [4]. However, lower urinary pH in those with MS
is likely multifactorial as Abate et al. demonstrated some
uric acid stone-forming MS patients have low urinary pH
without underlying insulin resistance [5]. Indeed, we found
that obesity, HTN, and HTG were independently associated
low urinary pH suggesting at least a second mechanism
unrelated to insulin resistance in MS patients. A possible
explanation to this finding may be due to the lithogenic con-
tribution of Western-diets high in animal protein, sodium,
and low in fiber that are common in patients with obesity,
HTN, and HTG. Herein, an excess of organic acids from
purine metabolism account for a portion of the titratable
acid in urine, increasing urinary acidity [12, 13]. Prior work
by Kadlec et al. similarly found that DM and HTN were
associated uric acid nephrolithiasis [14]. Furthermore, a
separate study found that patients with elevated BMI had
several metabolic abnormalities that predisposed them to
stone formation including gouty diathesis, hypocitraturia,
and hyperuricosuria [11].

Consistent with previous findings in the literature, no
association was found between MS components and hyper-
calciuria, hyperoxaluria, or hypocitraturia—known risk
factors for CaOx stone formation (the most common type
of kidney stone overall). Accordingly, it appears that the
increased risk for kidney stone disease amongst MS patients
noted in prior epidemiologic studies is being driven by
greater risk of uric acid stones [4]. Our study revealed simi-
lar findings, as the OR of uric acid stones was significantly
higher in patients with MSSS > 1 compared to patients with
no MS components (Supplementary Table 1). Notably, while
patients with higher MSSS had increasing OR of uric acid

stones, the majority of patients across all MSSS groups still
formed CaOx stones. Such is expected as CaOx stones are by
far the most common kidney stone type and low urinary pH
promotes CaOx stone formation, albeit not to same extent
as uric acid stone formation.

Our study has several notable limitations. This cross-
sectional study was conducted retrospectively which may
have introduced selection bias. Furthermore, patients were
recruited from a single tertiary care center which may limit
the generalizability of our findings. Additionally, the obesity
component of MS is defined by waist circumference rather
than BMI (we did not have data on waist circumference,
and accordingly we used BMI as a surrogate for obesity).
Despite these limitations, we believe our study provides
an important addition to the existing literature. Our study
found that the greater risk of nephrolithiasis amongst those
with MS appears driven by uric acid nephrolithiasis, a trend
that in our data is not explained solely by insulin resistance.
Accordingly, though individualized therapy based on 24-h
urine studies and stone composition is preferred for stone
formers, when empiric therapy is required special attention
must be given to those with MS.

From a urologist’s standpoint, advising a stone forming
patient to reduce animal protein is common practice. How-
ever, both kidney stone disease and metabolic syndrome are
managed with diet and these diets may conflict if patients
are not appropriately counseled. That is because patients
with MS are often advised to consume a low carbohydrate
and high protein diet. Oftentimes lean animal-based sources,
such as chicken and fish, are utilized for this high protein
intake [15]. Thus, for stone formers with MS, special con-
sideration should be given to advise patients on consum-
ing acid-neutral proteins such as plant-based proteins and
low-fat dairy-based proteins. Indeed, diet is important for
the treatment of both MS and nephrolithiasis and so it is
important to reconcile these dietary strategies to increase
the holistic health of the patient. Our findings highlight the
important of coordination of care between the urologist and
patient’s primary care physician in making dietary recom-
mendations and optimizing care for patients with MS and
nephrolithiasis. Further research in a prospective longitudi-
nal fashion is recommended to further validate these findings
and determine the mechanistic forces driving lithogenesis in
stone formers with metabolic syndrome.

Conclusion

The rising prevalence of nephrolithiasis amongst patients
with MS appears to be driven by an increasing prevalence
of uric acid nephrolithiasis—a condition primarily driven by
low urinary pH. Low urinary pH was independently asso-
ciated with all MS components aside from hyperlipidemia
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suggesting an underlying mechanism independent from
insulin resistance. Accordingly, in stone forming patients
with MS for whom 24-h urine studies and/or stone analysis
is unavailable, consideration should be given to the use of
potassium citrate as first line empiric pharmacotherapy and
reduction of animal protein as a first line dietary therapy.
Given that patients with MS are often on low carbohydrate
and high protein diets, stone formers with MS should be
advised to obtain protein from acid-neutral sources such
as diary and plant products. Further research in a prospec-
tive longitudinal fashion is recommended to validate these
findings.
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