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Abstract

Introduction: Diabetes mellitus (DM) is associated with an increased risk of nephrolithiasis and
is often treated with metformin. The relationship between metformin and nephrolithiasis
formation remains unclear as studies have demonstrated conflicting results.

Methods: We conducted a cross-sectional analysis of stone-forming patients at our stone clinic
prior to the initiation of stone-directed medical management. Patients were grouped based on
diabetic status and diabetic medication regimen. Outcomes evaluated were 24-hour urinary
parameters and specimen stone type using univariate Kruskal-Wallis and Chi-squared analyses.
Multivariate analyses controlling for metabolic syndrome components and HbA 1¢c were
performed.

Results: Data were available for 505 patients, of whom 147 were diabetic and 358 were not. On
multivariate analyses controlling for HbA1c and other comorbidities, diabetic patients on
metformin still had worse urinary parameters, including urine pH, than non-diabetic patients (pH
=-0.33,-0.37, p<0.05). Patients with DM on metformin did not exhibit significant differences in
24-hour urine findings compared to patients with DM not on metformin (p>0.05 for all urinary
parameters).

Conclusions: Stone-forming patients with DM on metformin were associated with urinary
abnormalities similar to those not on metformin. Cohort studies comparing urinary parameters of
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patients prospectively started on metformin are necessary to further elucidate metformin’s role, if
any, in combatting nephrolithiasis.

Introduction
In the United States, the lifetime prevalence of nephrolithiasis approaches 10% while annual
healthcare expenditures managing the disease exceed $2.1 billion.!? Kidney stones in the general
population have a recurrence rate of >30%? and understanding the etiology of the disease as well
as modifiable factors driving stone formation is of paramount importance. Metabolic and
epidemiological studies have identified an association between type 2 diabetes mellitus (DM)
and nephrolithiasis.** Insulin resistance, which is the hallmark of DM, is known to induce
intracellular acidosis and impair ammoniagenesis in the proximal tubule, both of which
contribute to a heightened risk for stone formation, particularly for uric acid stones.>® In fact, in
a cross-sectional study, the prevalence of nephrolithiasis in patients with DM was reported to be
21% compared to 9% in patients without DM.” These metabolic changes suggest there may be
medical targets in the glycemic and insulin pathways that may decrease stone recurrence rate.
Currently, a common option for first-line medical management for type II DM is
metformin.® Metformin functions through several mechanisms, including decreasing hepatic
gluconeogenesis and increasing gut utilization of glucose.”!'® Although many studies have
investigated the interplay of metabolic derangements and shared risk factors such as age, body
mass index (BMI), and diet, as they relate to DM and nephrolithiasis,” studies investigating how
diabetic medications affect the likelihood of developing kidney stones are sparse. Theoretically,
a diabetic medication could improve urinary parameters and reduce stone recurrence if the
driving force behind the stone formation is related to diabetes. If in fact DM medication selection
is associated with stone risk, this may inform DM treatment strategies in diabetic stone formers.
Accordingly, in this study, we aim to determine if there are any differences in stone-forming
patients based on their diabetic medications, most prominently metformin.

Methods

Data source and patient population

After obtaining Institutional Review Board approval, we retrospectively examined our database
of kidney stone-forming patients who underwent initial metabolic workup at our comprehensive,
tertiary stone clinic in New York City, New York between June, 2016 and October, 2020.
Patients with both a metabolic workup prior to initiation of medical management and a history of
kidney stones were included in the study.
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Patient demographics, clinical, and urinary parameters

Demographics, BMI, HbAlc, prescription medications, and medical history were obtained from
patients’ electronic medical record. Patients were categorized based on Metabolic Syndrome
Severity Score (MSSS)!! and American Diabetes Association status.'?> Urinary parameters were
collected using Litholink 24-hour urine analyses (Litholink, Chicago, IL, USA). Litholink
standardized normal ranges were used as the lower and upper limits of normal.

Diabetic status and metformin usage

Patients were categorized into one of the following categories: non-diabetic (No-DM), diabetic
but not taking metformin (DM-NoMet), diabetic on metformin monotherapy (DM-Met), or
diabetic on metformin and another oral diabetic medication (DM-Met-Other). Other oral diabetic
mediations included dipeptidyl peptidase-4 (DPP-4) inhibitors (i.e., sitagliptin), sulfonylureas
(i.e., glipizide, glimepiride), and SGLT?2 inhibitors (i.e., canagliflozin). As there were too few
patients on each of these additional medications for meaningful statistical analysis, they were
grouped together in order to see if there were any potential additive effects of multiple
medications in addition to metformin.

Usage of metformin and/or other hypoglycemics such as insulin could affect urinary
parameters but could also reflect worsening diabetic status, which independent of medication
usage can affect urinary parameters. To address the two potential confounding effects of diabetic
severity and insulin usage, a within-group comparison of urinary parameters between insulin and
non-insulin users was performed in the DM-Met-Other and DM-NoMet groups. In addition, a
multivariate analysis controlling for BMI and HbA 1¢ (indicators of diabetic severity) was
performed.

Stone analysis

Stone samples, either spontaneously passed or surgically retrieved, were analyzed using infrared
spectroscopy (LITSA Litholink Stone Analysis, Itasca IL). Stones were categorized into one of
three groups: >50% calcium oxalate (CaOx), >50% uric acid (UA), or other/mixed based on
reported compositions.

Statistical analysis

Baseline patient characteristics were compared between the four groups using Kruskal-Wallis
test for continuous variables and chi-square for categorical variables. Univariate comparison of
urinary parameters between study cohorts was performed using Kruskal-Wallis tests.
Multivariate linear regressions were performed to analyze the association between 24-hour
urinary parameters and DM management, adjusting for patient characteristics including age,
BMI, HbA ¢, hypertension, hyperlipidemia, and hypertriglyceridemia. Two different multiple
linear regressions of 24-hour urinary parameters were performed — one using the No-DM group
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as a reference and another using the DM-NoMet group as a reference. Binomial regression was
used to analyze the relationship between DM management groups and stone composition. All
analyses were two-tailed and performed using Stata/MP software version 14.1 (StataCorp,
College Station, TX).

Results

Patient characteristics and demographics
In total, 505 patients were included in the study. Table 1 presents baseline characteristics of the
patients: 358 (71%) were No-DM, 44 (9%) were DM-NoMet, 54 (11%) were DM-Met, and 49
(10%) were DM-Met-Other. Median age significantly differed across the four groups with No-
DM having the lowest median age (61.5 for DM-NoMet, 60 for DM-Met, DM-Met-Other
groups, and 57 for the NoDM group, years, p=0.007). The DM-Met group had the highest BMI
(29.8 vs. 26.5, p<.001), and the DM-Met and DM-Met-Other groups had the highest HbAlc
levels compared to No-DM (6.7% vs. 5.5%, p<.001).

The DM-Met group had the highest rates of hypertension (70% vs. 61%, p<.001) and
hyperlipidemia (53% vs. 48%, p<.001), while the DM-Met-Other group had highest rates of
hypertriglyceridemia (65% vs. 64, p<.001%).

Insulin usage

In a sub-analysis, 9 patients (20%) in the DM-NoMet and 13 patients (26%) in the DM-Met-
Other group were reported as currently taking insulin. No significant difference was found in a
comparison of urinary parameters between insulin and non-insulin users within either group.

Severity of urine parameter derangements and effects of metformin

Univariate comparison of patient urine parameters, stratified by study cohort, are presented in
Table 2. All three diabetic groups had statistically significantly lower urine pH (<5.7 vs. 6.0,
p<.001) and higher SSUA compared to patients without DM (>0.9 vs. 0.7, p<.001). Patients in
the DM-Met group had a statistically higher urine citrate excretion (879 mg/d vs. 555mg/d,
p<.0.001) compared to all other groups. There was no statistical difference in urinary uric acid
noted between groups (p=0.3). Patients without diabetes had a lower median 24-hour urine
volume (1.7 L, p=0.045) and higher SSCaP (0.8, p<0.001) compared to patients with DM.

Two multivariate analyses of 24-hour urine parameters were conducted adjusting for age, BMI,
hypertension, hyperlipidemia, hypertriglyceridemia and HbA 1c. In the first analysis using the
NoDM group as a referent (Table 3), DM-Met and DM-Met-Other had the biggest differences in
urinary pH (f=-0.33 and -0.37, p<0.05). In the second analysis with the DM-NoMet group held
as a referent (Table 4), the DM-MET-Other group had significantly greater levels of citrate than
patients not on metformin (+396.85 p=0.001) while the differences in pH and SSUA were not
seen.
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Stone analysis

In total 229 patients (45.3%) had stone analysis data available (Table 5). Among them, NoDM
had the highest rate of predominately CaOx stones which was significantly greater than in the
DM-Met group (75% vs. 61.5%, p<0.05). Conversely, 30.8% of patients in the DM-Met group
and 23.5% of patients in the DM-Met-Other group formed predominately uric acid stones which
was significantly greater than the 10.3% of patients in the NoDM group (p=0.0001 and p=0.032,
respectively). However, a second logistic regression was conducted using the DM-NoMet group
as a referent and revealed no significant associations between our patient groups and observed
stone compositions (p>0.05).

Discussion

Metformin is a commonly utilized first-line treatment for patients with type Il DM,!® which are a
population at an increased risk for nephrolithiasis."* Metformin helps lower blood glucose levels
by increasing insulin sensitivity in peripheral tissues, decreasing hepatic gluconeogenesis, and
decreasing glucose absorption in the small intestine.!® Additionally, metformin has been
suggested to have a protective role in calcium oxalate nephrolithiasis formation on a molecular
level. Studies in mice have recently shown metformin to limit renal crystal deposition through
decreased inflammation,'® and it has been shown to behave as an antioxidant.!® In particular,
monocyte chemoattractant protein 1 (MCP-1) and osteopontin (OPN) are inflammatory
mediators that have been implicated in calcium oxalate stone genesis!’ but are downregulated by
metformin.'®> Metformin has recently been reported to acidify the urine, which would actually
encourage uric acid stone formation.'® Yet, despite metformin’s common use among patients
with DM and the increased proclivity of patients with DM to form kidney stones,'*!%?° there
have been no large scale studies to date examining its relationship to the 24-hour urinary
parameters associated with stone risk. To this end, we present a cross-sectional analysis of urine
parameters in stone formers stratified by metformin usage.

On multivariate analysis, we did not identify a significant association between metformin
use and the urinary parameters associated with stone risk, in particular urinary pH, the driving
factor behind uric acid stone formation. As expected, this relationship did appear prominently on
univariate analysis (Table 2) and in an increased number of uric acid stones (Table 5). There are
several reasons why we may not be observing the reported effects in clinical practice. Though
prior animal studies'® have suggested a protective effect of metformin use in stone formers, these
studies evaluated calcium oxalate stones and the added stone risk among patients with DM that
we would expect metformin to target stems primarily from uric acid containing stones.
Metformin’s theoretical glycemic protective effects from uric acid stone formation were not seen
in the urinary parameters; urinary pH did not vary between DM-NoMet, DM-Met, and DM-Met-
Other groups. Furthermore, SSUA was not significantly different between DM-Met compared to
DM-NoMet groups. The clear signal that was seen was that all diabetic groups had a
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significantly lower urine pH compared to non-diabetic stone-formers. Taken together, metformin
use (when controlling for HbAlc and diabetic status) was not associated with improved urinary
parameters in these stone forming patients.

Interestingly we observed that the DM-Met-Other group had significantly higher urine
citrate levels compared to all other groups. We postulate that this could be related to increased
citrate production by some of the newer diabetic medications, such as sitagliptin. However, the
number of patients in this category, combined with the great variety of different regimens used,
precluded sub-analysis of different medication regimens. Accordingly, the relationship between
non-metformin oral hypoglycemics and urinary parameters represents an avenue for further
research, as prior studies have suggested possible protective effects of these medications.?!

This study is a hypothesis-generating study due to its retrospective and cross-sectional
nature and accordingly we were unable to determine changes in urinary parameters prior to and
after initiation of the medications examined. Furthermore, all patients originated from a single
tertiary stone center and accordingly may not represent the stone-forming population at large.
There were insufficient numbers of patients on oral hypoglycemic medications other than
metformin to study the impacts of these additional medications. Despite these limitations, we
believe our study provides an important contribution to the literature regarding medication
selection for diabetic stone formers and has several surprising findings, in particular the increase
in citrate in patients on multiple medications as well as the apparent lack of protective effects of
metformin in stone-forming patients. We recommend further research in a prospective
longitudinal fashion to validate our findings and determine the impact of other diabetic
medication on 24-hour urine parameters and stone risk, an area ripe for therapeutic targeting
despite the present study’s negative result. In addition, a further avenue of research may explore
the role ethnicity, diet, and socioeconomic status as these factors may have an impact on changes
in urinary parameters in response to DM medications.

Conclusions

Metformin use by diabetic stone formers does not appear to be associated with independent
changes to these urinary parameters, though use of metformin in combination with other diabetic
medications was associated with higher citrate levels. Further research via a prospective, multi-
institutional study is recommended to validate our findings regarding metformin and to further
explore the potential for citraturia associated with other diabetic medications.
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Table 1. Baseline patient characteristics stratified by study cohort

Diabetic
Non-diabetic No . Metformin Met(f)(;;':;m &
(No-DM) metformin only (DM-Met- Y
n=358 (70.9%) (DM-NoMet) | (DM-Met) Other)
n=44 (8.7%) | n=54 (10.7%) n=49 (9.7%)
Median (IQR):?
Age, years 57.26(;1);.0, 61.6‘59(§§.5, 60.28(‘(5)9.0, 60.26(.(5).;.0, 0.007
BMI, ke/m? 26.2’59%;.3, 28.354%?.3, 29.384(31;.4, 29.;);??.7, <0.001
HbAlc, % 55(52,58) | 6.6(6.3,7.3) | 6.7(63,7.4) 6.7 (6.4,7.8) | <0.001
Serum uric acid
me/dL ’ 54(4.4,68) | 6.0(4.4,7.2) | 5.8(4.5,6.8) 5.8(5.3,6.3) 0.9
n (%):°
Sex
Male 194 (54.8) 23 (52.3) 33(61.1) 32 (65.3) 0.4
Female 160 (45.2) 21 (47.7) 21 (38.9) 17 (34.7)
Hypertension 97 (27.6) 27 (61.4) 38 (70.4) 29 (59.2) <0.001
Hyperlipidemia 74 (21.1) 21 (47.7) 28 (52.8) 21 (42.9) <0.001
Hypertriglyceridemia 78 (22.2) 24 (55.8) 34 (63.0) 31 (64.6) <0.001
MSSS
0 175 (50.1) 0 (0.0) 1(1.9) 0 (0.0) <0.001
1 81(23.2) 10 (23.3) 2 (3.8) 4(8.3)
2 42 (12.0) 8 (18.6) 7(13.2) 13 (27.1)
3 40 (11.5) 3(7.0) 22 (41.5) 12 (25.0)
4 11(3.2) 15 (34.9) 14 (26.4) 14 (29.2)
5 0 (0.0) 7 (16.3) 7(13.2) 5(10.4)

%K ruskal-Wallis test. °Chi-square test. Significant values (p<0.05) bolded. BMI: body mass

index; IQR: interquartile range; MSSS: Metabolic Syndrome Severity Score.
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Table 2. Univariate analysis of 24-hour urine parameters stratified by DM management group

Non-diabetic

Diabetic

No metformin

Metformin only

Metformin &

(No-DM) (DM-NoMet) (DM-Met) other P’
n=358 (70.9%) =44 (8.7%) n=54 (10.7%) (DM-Met-Other)
e e n=49 (9.7%)
Median (IQR)
Volume" 1.7 (1.2, 2.5) 2.0(1.4,2.5) 2.0 (1.5, 2.6) 2.0(1.5,2.6) 0.045
SS CaOx 6.1 (3.8,9.0) 4.5(2.9,7.0) 5.5(4.1,7.9) 6.5 (4.1,9.0) 0.023
Calcium® 165.3 (108.0, 130.5 (49.5, 149.0 (96.0, 171.0 (112.0, 0.07
236.9) 177.3) 251.1) 263.0) )
Oxalate® 36.0 (28.8,44.8) | 36.6(27.0,53.0) | 42.0(32.0,51.0) | 40.9(32.8,52.0) | 0.011
Citrate® 531.5(353.7, 484.8 (290.6, 555.0 (348.5, 878.6 (562.2, <0.001
745.2) 693.2) 954.0) 1138.6) )
SS CaP 0.8 (0.3, 1.6) 0.2 (0.1, 0.8) 0.3 (0.1, 0.7) 0.3 (0.1, 0.8) <0.001
pH 6.0 (5.6, 6.5) 56(5.4,6.1) 5.7(5.3,6.2) 5.6 (5.4,6.0) <0.001
SS UA 0.7 (0.2, 1.6) 1.2 (0.6, 1.5) 0.9 (0.5,2.1) 1.1 (0.8, 2.1) <0.001
Uric acid 0.6 (0.5, 0.8) 0.5 (0.4, 0.8) 0.7 (0.5, 0.8) 0.7 (0.5, 0.8) 0.3
Sodium® 144.4 (108.0, 142.4 (104.7, 165.6 (118.6, 175.1 (121.4, 0.08
199.8) 205.6) 203.0) 203.1) '
Ammonium® | 34.0 (24.3,45.2) | 33.1(19.0,45.9) | 35.0(25.1,47.0) | 32.2(22.1,41.3) 0.7
%K ruskal-Wallis test; °L/day; “mg/day; g/day; °mmol/day. Significant (p<0.05) values bolded.
SS CaOx: supersaturation calcium oxalate; SS CaP: supersaturation calcium phosphate; SS UA:
supersaturation uric acid.
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Table 3. Multivariate adjusted analysis comparing study cohorts with non-diabetic patients as reference®

Non- Diabetic
((11;3})5;;) No metformin Metformin only Metformin & other
=358 (DM-NoMet) (DM-Met) (DM-Met-Other)
(70.9%) n=44 (8.7%) n=54 (10.7%) n=49 (9.7%)
Difference p Difference p Difference p
Volume® Ref. -0.03 0.9 -0.01 0.9 0.21 0.4
SSCaOx Ref. -9.64 0.010 -6.74 0.053 -8.87 0.019
Calcium® Ref. -83.61 0.013 -14.58 0.6 -33.76 0.3
Oxalate® Ref. -2.47 0.7 -1.60 0.8 1.49 0.8
Citrate® Ref. -172.03 0.07 25.74 0.8 199.66 0.039
SSCaP Ref. -0.87 0.002 -0.60 0.022 -0.61 0.030
pH Ref. -0.26 0.2 -0.33 0.047 -0.37 0.043
SSUA Ref. 0.19 0.5 0.52 0.050 0.19 0.5
Uric Acid? Ref. -0.21 0.003 0.00 0.9 -0.10 0.12
Sodium® Ref. -15.05 0.5 -2.30 0.9 2.63 0.9
Ammonium® Ref. 4.57 0.4 3.36 0.5 -0.69 0.9
ii‘;‘éﬂn Hrie Ref. 1.42 0.031 0.29 0.6 0.9 0.2

aCovariates included in multiple linear regression analyses: age, body mass index, hypertension,
hyperlipidemia, hypertriglyceridemia, and HbA 1¢c; °L/day; mg/day; %g/day; “mmol/day; ‘mg/dL.

Significant (p<0.05) values bolded SS CaOx: supersaturation calcium oxalate; SS CaP: supersaturation

calcium phosphate; SS UA: supersaturation uric acid.
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Table 4. Multivariate adjusted analysis comparing study cohorts with no DM medications groups as
reference

Non- Diabetic
((1111(2:?;;\1/;) No metformin Metformin only Metformin & other
=358 (DM-NoMet) (DM-Met) (DM-Met-Other)
(70.9%) n=44 (8.7%) n=54 (10.7%) n=49 (9.7%)
Difference p Difference p
Volume® - Ref. -0.02 0.9 0.26 0.3
SSCaOx - Ref. 1.50 0.09 1.23 0.2
Calcium® - Ref. 60.78 0.1 69.72 0.09
Oxalate® - Ref. 1.98 0.7 3.43 0.6
Citrate® - Ref. 179.96 0.09 396.85 0.001
SSCaP - Ref. 0.29 0.2 0.35 0.2
pH - Ref. -0.07 0.7 -0.09 0.7
SSUA - Ref. 0.33 0.3 0.01 0.9
Uric acid - Ref. 0.21 0.021 0.13 0.2
Sodium*® - Ref. 14.27 0.6 24.68 0.4
Ammonium® - Ref. -1.85 0.8 -3.33 0.6
Serum uric acid® - Ref. -0.83 0.3 -0.24 0.7

aCovariates included in multiple linear regression analyses: age, body mass index, hypertension,
hyperlipidemia, hypertriglyceridemia, and HbA 1¢; °L/day; *mg/day; Yg/day; *mmol/day; ‘mg/dL.
Significant (p<0.05) values bolded. SS CaOx: supersaturation calcium oxalate; SS CaP: supersaturation
calcium phosphate; SS UA: supersaturation uric acid.
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Table 5. Predominate component of stone composition across study cohorts, compared to non-diabetic

patients
Calcium oxalate Uric acid Mixed/other
OR OR OR
(1) o o
n() | sy | P | "0 | sy | P | O | (959 cr P
Non-diabetic 168 23 33
(No-DM) (75.0) Ref. - | (103 Ref. - | a4 Ref. -
No metformin 15 0.5(0.21, 1.66 (0.53, 6 1.83 (0.68,
(DM-NoMet) | (60.0) 1.17) 0.1 14(16.0) 5.27) 04 1 240 4.91) 0.4
gfﬁ;fomn 24 053 (026, | ¢ s 12 | 388(L74 | o001 | 3077 | 048013 | oy
(DM.Met) (61.5) 1.08) (30.8) 8.69) 1.66)
Metformin &
other 22 0.61 (0.28, 2.68 (1.09, 4 0.77 (0.26,
(DM-Met- (64.7) 1.31) 0.2 18(23.5) 6.63) 0.032°1 118 2.33) 0.6
Other)
CI: confidence interval; OR: odds ratio.
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