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stones disease among adults aged 20 years
and older population: a cross-sectional study
of NHANES 2007-2020
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Abstract

Purpose Kidney stones (KS) disease is a growing global health concern, increasing prevalence. Its well-established
associations with metabolic disorders such as diabetes and hypertension, but the relationship between frailty and KS
remains underexplored. This study aims to investigate the association between KS and frailty among adults aged

20 years and older population.

Methods This study investigates the relationship between frailty and KS prevalence using data from the National
Health and Nutrition Examination Survey (NHANES) from 2007 to 2020. Frailty was assessed using the Frailty Index
(FI), a continuous variable based on 49 health deficits, and categorized into robust, pre-frail, and frail states. Weighted
logistic regression and restricted cubic splines (RCS) were used to assess the association between KS and frailty.

Results A total of 28,113 people were included in the study, and the overall prevalence of KS occurrence was 9.576%.
The Fl in the KS group was higher than that in the no KS group [0.142(0.094-0.216) vs 0.112(0.073-0.172), p < 0.0001].
Furthermore, the rate of frail status (17.691% vs 9.791%, p < 0.0001) and pre-frail status (54.267% vs 46.929%,
p<0.0001) in the KS group were higher than that in the no KS group. Multivariate logistic regression models

revealed a significant positive association between frailty and KS prevalence, with frail individuals showing a 1.731-
fold increased likelihood compared to robust individuals (95% Cl 1.406-2.131, p<0.0001). A nonlinear relationship
was observed between the Fl and KS occurrence, with likelihood increasing as frailty levels rose. Subgroup analy-

ses indicated that frailty had the greatest impact on KS likelihood in individuals under 60 years, of normal weight,

and without hypertension.

Conclusions In adults in the United States, increased frailty is strongly associated with a higher likelihood of develop-
ing KS. Early identification and targeted management of frailty could play a crucial role in reducing the prevalence
and recurrence of KS.
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Introduction

Kidney stone (KS) disease is a prevalent and serious uro-
logical condition affecting human health worldwide. In
recent years, the prevalence of KS has risen significantly.
The prevalence of KS has increased from 3.2% in the
1980s to 9.6% in the current decade in America [1, 2]. KS
will seriously affect patients’ quality of life as it can cause
severe pain [3]. Furthermore, KS presence can result in
severe complications, such as urinary obstruction, refrac-
tory urinary tract infections, and even irreversible kid-
ney damage in severe cases [4, 5]. The formation of KS
is a highly complex process. Growing evidence suggests
KS should be considered a systemic disease rather than
a localized urinary metabolic disorder. As demonstrated
in preceding studies, there is a demonstrable correlation
between the occurrence of KS and metabolic conditions,
including obesity, hypertension and diabetes [6]. Some
researchers have identified a notable increase in the risk
of the progression to terminal renal disease in patients
with KS [7].

Frailty is a degenerative trait characterized by pro-
gressive impairments across physiological systems with
advancing age, significantly compromising survival
rates at any stage of life [8]. Even minor external stress-
ors can trigger a cascade of negative clinical outcomes
in frail older adults [9, 10]. This condition encompasses
pathological and physiological alterations across multi-
ple systems, including the neuromuscular, metabolic, and
immune systems, and can trigger or exacerbate various
health complications [10]. Previous studies have estab-
lished links between frailty and metabolic conditions,
such as chronic kidney disease (CKD), hypertension,
diabetes, serum uric acid level and age [11-17]. Previous
research has primarily focused on the link between frailty
and KS prevalence in diabetic populations [18]. Moreo-
ver, Liu et al. identified a significant association between
oxidative balance score and frailty among adults older
than 20 years of age [19]. These findings suggest that
frailty may be pivotal in the formation of KS in the whole
adult population. However, the relationship between
frailty and KS formation in the whole adult remains
poorly understood. Therefore, a hypothesis that frailty
is strongly linked to the likelihood of developing KS in
adults was put forward. In order to test this hypothesis,
the objective was to evaluate the relationship between
frailty and the prevalence of KS in participants from the
National Health and Nutrition Survey (NHANES).

Methods

Data source

NHANES is a nationwide cross-sectional program con-
ducted biennially by the Centers for Disease Control
and Prevention (CDC). It gathers data on a range of
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demographic, socioeconomic, nutritional and health-
related factors from a nationally appropriate sample
of the U.S. populace. Through structured interviews,
physical examinations, and lab tests, NHANES assesses
participant’s health issues. All research protocols are
systematically examined and authorized by the National
Center for Health Statistics Research Ethics Review
Board, and this study was exempt from additional ethical
review. Data for this study were accessed via the official
NHANES website.

Study population

This study utilized data from the NHANES database for
seven cycles from 2007 to 2020. The NHANES study ana-
lyzed a group of 20-year-old or older participants with
complete data on KS prevalence. This group was then
restricted to individuals with complete information on
the relevant covariates. Only those 20-year-old partici-
pants or older with complete NHANES data on KS and
no missing covariate information were incorporated into
this study (Fig. 1).

Assessment of kidney stone

History of KS was assessed with the question, “Have you
ever had kidney stones?” Participants who responded
positively to this question were categorized as having a
medical history of diagnosed KS. The reliability of these
self-reported measures has been confirmed by previous
studies [20, 21].

Assessment of frailty index and frailty status

The Frailty Index (FI), a continuous variable that ranges
from O to 1 according to the severity of the deficit, was
utilized to assess frailty. The FI assessed using the frailty
index established by Wael Sabbah and his colleagues
[22], which incorporates 49 diagnostic criteria following
Searle’s standard procedures [23]. 49-item frailty index
encompassing various systems, including cognition (con-
fusion and memory problems), dependence (activities
of daily living), depression (PHQ-9), comorbidities (e.g.,
arthritis, diabetes, renal failure), general health and hos-
pital utilization, physical performance (grip strength,
body mass index (BMI)), and laboratory markers (glyco-
hemoglobin, hemoglobin, lymphocytes) (Supplementary
Table 1). This index was selected because it has been vali-
dated in large population-based studies and is well-suited
for use with NHANES data due to its comprehensive
inclusion of health deficits [24]. The FI value is calcu-
lated by dividing the participant’s number of acquired
deficits by the total number of potential deficits [22].
Consequently, FI is a continuously variable scale rang-
ing from O to 1, with higher values denoting increased
frailty. Participants who answered at least 80% of the



Yue et al. European Journal of Medical Research (2025) 30:412

Page 3 of 10

(N=75402)

Adults (=20) in Nhanes 2007-2020

Excluding participants who did not have
complete data on kidney stone or had
missing data in any other covariate:

(N=47289)
Participants included in the analysis
(N=28113)
Robust Pre-frail Frail
(N=10212) (N=13885) (N=4016)

Fig. 1 The flowchart depicting sample selection for the National Health and Nutrition Examination Survey (NHANES) from 2007 to 2020

items were included to guarantee high-quality frailty
diagnoses [24, 25]. As recommended in prior studies,
frailty status was categorized into three distinct groups:
"robust” (F1<0.10), "pre-frail" (0.10 < F1<0.25), and "frail"
(F1>0.25) [24, 26, 27].

Covariates definition

Building on preceding studies, a comprehensive set of
covariates had been incorporated into this study, cover-
ing multiple dimensions, including questionnaire data,
dietary habits, clinical examinations, laboratory assays,
and demographics. These covariates included several cat-
egorical factors, including age, BMI (BMI=weight [kg]/
height [m]?), sex (2 categories: male and female), race
(4 categories: Mexican American, Non-Hispanic Black,
Non-Hispanic White and Other race), marital status
recoded into 3 groups: having a partner (married, living
with partner), no partner (widowed, separated, divorced),
unmarried (never married). Poverty—income ratio (PIR),
education level (3 categories: high school or equivalent,
less than high school and more than high school), total
energy intake (kcal), total water intake (total plain water
drank yesterday—including plain tap water, water from
a drinking fountain, water from a water cooler, bottled
water, and spring water), sodium intake, calcium intake,
recreational activity status, sedentary time, serum creati-
nine (Scr), Serum calcium, total cholesterol, serum uric
acid, blood urea nitrogen (BUN), triglycerides, high-den-
sity lipoprotein (HDL), and smoking and drinking behav-
iors. Smoking status was categorized as follows: “Never”
(smoked <100 cigarettes in a lifetime and not currently
smoking); “Former” (smoked 100+ cigarettes in a life-
time and not currently smoking); or “Current” (smoked
100+ cigarettes in a lifetime and currently smoking).
Drinking status: “Never” (had<12 drinks), “Former”

(had >12 drinks in 1 year, did not drink last year, or did
not drink last year but had >12 lifetime drinks), “Mild”
(1-2 drinks per day for females, 2—4 for males), “Moder-
ate” (2+drinks per day for women, 3 +for men, or binge
drinking 2+days per month but<5 days per month)
and “Heavy” (3+for women and 4+ for men, or binge
drinking>5 days per month). Additionally, the pres-
ence of hypertension was defined by doctor-diagnosed
hypertension, current medication uses for hyperten-
sion, or an abnormal blood pressure measurement
result (systolic pressure>140 mmHg or diastolic pres-
sure >90 mmHg). The presence of diabetes was defined
by doctor-diagnosed diabetes, use of diabetes drugs
(hypoglycemic drugs or insulin) or the lab results were
abnormal (glycosylated haemoglobin > 6.5%, fasting glu-
cose>7.0 mmol/L, random blood glucose >11.1 mmol/L,
two-hour oral glucose tolerance test>11.1 mmol/L).

Statistical analyses

Following the guidelines provided by the CDC, this study
conducted refined statistical analyses. Continuous vari-
ables are reported as median (Q1-Q3), while categori-
cal variables are presented as weighted percentages and
counts. The statistical method assessed the differences in
baseline characteristics (Chi-square tests and ANOVA).
Model 1 consisted of a univariable logistic regression;
Model 2 included adjustments for age, sex, race, edu-
cation level, PIR, and marital status; Model 3 further
adjusted for smoking status, alcohol consumption, BMI,
diabetes status, and hypertension status, in addition to
the variables in Model 2; Model 4 incorporated additional
adjustments for total energy intake, total water intake,
Scr, serum calcium, total cholesterol, triglycerides, HDL,
serum uric acid, sodium intake, calcium intake, recrea-
tional activity status and sedentary time, alongside the
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covariates in Model 3. The restricted cubic spline (RCS)
model was used to evaluate the relationship of the poten-
tial nonlinear (median serving as the reference value;
10th, 50th, and 90th percentiles of the FI as knots). Hos-
mer—Lemeshow test was used to evaluate the goodness
of fit of logistic regression model. Subgroup analyses and
interaction testing were also performed to explore factors
that may modify the association between frailty and KS
prevalence. These subgroup analyses were not addition-
ally adjusted for covariates, allowing for a direct assess-
ment of the bivariate relationship within each subgroup.
The discriminatory capacity of FI in predicting KS was
assessed by examining receiver-operating characteristic
(ROC) curves and calculating the area under the curve
(AUC). Missing sedentary time data for 116 people and
serum calcium data for 24 people were both interpolated
using the median, while the remaining data were not
missing. R software (version 4.3.3) was used for statistical
analyses. Two-side p value <0.05 was considered statisti-
cally significant.

Results

Baseline characteristics of participants

Table 1 shows the participant’s characteristics in the
2007-2020 NHANES cohort. This study involved 28,113
individuals, with an overall KS prevalence of 9.576%. The
sample included 49.332% males and 69.283% non-His-
panic White participants. The comparison of individu-
als with and without KS revealed significant differences
across all baseline variables except for education, total
energy intake, total water intake, total cholesterol,
sodium intake, sedentary time and PIR (p >0.05). Patients
with KS not only had higher percentages in older males,
non-Hispanic white participants, having a partner, for-
mer smokers, and mild drinkers (p<0.0001) but also
exhibited higher levels of Scr, serum uric acid, serum cal-
cium, BUN, and triglycerides (p <0.0001). Moreover, they
also had a higher prevalence of metabolic conditions,
such as higher BMI, hypertension rate and diabetes rate
(p<0.0001). Patients with KS have a lower calcium intake
level and HDL level (p<0.0001) and higher percentages
in no recreational activity (p=0.008). It is notewor-
thy that the FI in the KS group was significantly higher
compared to the nonstone group [0.142(0.094-0.216) vs
0.112(0.073-0.172), p <0.0001]. Furthermore, the rates of
frail status (17.691% vs 9.791%, p<0.0001) and pre-frail
status (54.267% vs 46.929%, p <0.0001) were demonstra-
bly higher in the KS group than in the nonstone group.

Associations between the frailty and kidney stones

To examine the relationship between frailty and KS
prevalence using the continuous variable (FI) and cat-
egorical factor (frailty status). The continuous FI analysis
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revealed a positive association with increased KS preva-
lence across all models (Table 2). Further stratification
by frailty status showed that individuals classified as
frail had a 1.731-fold higher likelihood of developing KS
in the fully adjusted model (95% CI 1.406-2.131, p for
trend <0.0001) as compared to those in the robust group,
which further shown the association between frailty and
KS. In addition, the relationship between the FI and KS
prevalence was further explored using a restricted cubic
spline (RCS) model (Fig. 2). A nonlinear, positive correla-
tion was observed, with the likelihood of KS increasing
as the FI rose (P for nonlinearity =0.0002). The Hosmer—
Lemeshow test result (»=0.1362) demonstrated a good
calibration of the model with no significant difference
between the predicted and observed probabilities (Sup-
plementary Fig. 1). FI had a moderate ability to discrimi-
nate between individuals with and without KS (AUC
value=0.613) (Supplementary Fig. 2).

Subgroup analysis

Subgroup analyses were conducted based on sex, race,
marital status, BMI, age, education, diabetes, hyper-
tension, smoking status, and drinking status. Continu-
ous variables were converted to categorical variables;
the age is stratified into two tiers: “<60” and “>60"
BMI was categorized into 3 distinct groups: “normal
weight” (BMI<25), “overweight” (25<BMI<30) and
“obesity”(BMI>30). A consistent relationship between
frailty status/frailty index and KS prevalence was
observed in all subgroups. It is worth noting that there
were significant interactions between age, BMI, and
hypertension with both the FI and frailty status, which
means that the impact of these factors on KS likelihood
may differ across subgroups. Specifically, increased frailty
degree and KS likelihood were more pronounced in par-
ticipants under 60 years of age, as well as in those non-
hypertension individuals and normal-weight individuals
(Fig. 3).

Discussion

This study showed that KS disease is associated with
frailty in a countrywide population-representative sam-
ple of American adults. This research revealed a substan-
tial correlation between an augmented FI and an elevated
likelihood of KS. Higher frailty status levels were associ-
ated with the rise in KS prevalence, with both frail and
pre-frail individuals showing a notably increased likeli-
hood. This association’s robustness was evident even after
adjustment for potential confounding variables. Further-
more, there was a nonlinear positive correlation between
the FI and the occurrence of KS was observed. The cor-
relation between frailty and kidney stone remained con-
sistent across subgroups stratified by sex, race, marital
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Table 1 Basic characteristics of the study population in NHANES 2007-2020 (n=28,113)
Variable Total No kidney stones With kidney stones p value
N (participants) 28,113 25,421 2692
Age (year), Median (Q1-Q3) 47.000(33.000-60.000) 46.000(32.000-59.000) 54.000(41.000-64.000) <0.0001
Sex n (%) <0.0001
Female 14,091(50.668) 12,923(51.375) 1168(44.255)
Male 14,022(49.332) 12,498(48.625) 1524(55.745)
Race, n (%) <0.0001
Mexican American 4018 (8.005) 3683(8.223) 335(6.032)
Non-Hispanic Black 5853(10.048) 5498(10.543) 355 (5.560)
Non-Hispanic White 12,153(69.283) 10,662(68.314) 1491(78.082)
Other race 6089(12.663) 5578(12.921) 511(10.327)
Marital, n (%) <0.0001
Having a partner 16,818(64.130) 15,082(63.465) 1736(70.154)
No partner 6077(17.699) 5392(17.445) 685(20.002)
Unmarried 5218(18.172) 4947(19.090) 271(9.844)
Education, n (%) 0.565
High school or equivalent 6430(23.116) 5836(23.151) 594(22.797)
Less than high school 5926(13.394) 5327(13.308) 599(14.171)
More than high school 15,757(63.490) 14,258(63.541) 1499(63.032)

Total energy intake (kcal), Median (Q1-Q3)
Total water intake (g), Median (Q1-Q3)
Scr (mg/dl), Median (Q1-Q3)

Serum uric acid (mg/dl), Median (Q1-Q3)
Serum calcium (mg/dl), Median (Q1-Q3)
BUN (mg/dl), Median (Q1-Q3)
Triglycerides (mg/dl), Median (Q1-Q3)
Total cholesterol (mg/dl), Median (Q1-Q3)
HDL (mg/dl), Median (Q1-Q3)

PIR, Median (Q1-Q3)

BMI, Median (Q1-Q3)

Calcium intake (mg), Median (Q1-Q3)
Sodium intake (mg), Median (Q1-Q3)
Sedentary time (min), Median (Q1-Q3)

Diabetes, n (%)
No
Yes
Hypertension, n (%)
No
Yes
Smoke status, n (%)
Never
Former
Now
Alcohol status, n (%)
Never
Former
Mild
Moderate
Heavy
Recreational activity

2034.000(1521.000-2694.000)
900.000(296.250-1740.000)

0.850(0.720-0.990)
5.300(4.400-6.300)
9.400(9.200-9.600)
13.000(10.000-16.000)

119.000(80.000-183.000)
190.000(165.000-218.000)

51.000(42.000-62.000)
3.160(1.570-5.000)
28.100(24.300-32.700)

867.000(580.000-1254.000)
3279.000(2365.000-4453.000)
360.000(240.000-480.000)

24,233(89.667)
3880(10.333)

16,219(62.659)
11,894(37.341)

15,646(55.992)
6787(25.008)
5680(19.000)

3599(9.714)
3606(10.935)
10,203(38.587)
4753(18.698)
5952(22.066)

2036.000(1522.000-2705.000)
900.000(300.000-1740.000)

0.840(0.720-0.990)
5.300(4.400-6.300)
9.400(9.200-9.600)
13.000(10.000-16.000)

118.000(79.000-181.000)
190.000(165.000-219.000)

51.000(42.000-63.000)
3.150(1.570-5.000)
27.900(24.180-32.500)

869.000(582.000-1258.000)
3280.000(2369.000-4458.000)
360.000(240.000-480.000)

22,158(90.601)
3263(9.399)

15,039(64.352)
10,382(35.648)

14,322(56.601)
5964(24.443)
5135(18.956)

3269(9.766)

3123(10.427)
9155(38.232)
4360(18.852)
5514(22.723)

2020.000(1496.000-2628.000) 0.265

870.000(240.000-1740.000)

0.890(0.750-1.030)
5.600(4.600-6.500)
9.300(9.100-9.600)
14.000(11.000-17.000)

135.000(90.000-200.000)
189.000(165.000-216.000)

47.000(40.000-57.000)
3.180(1.650-5.000)
29.640(25.780-34.200)

833.000(550.000-1221.000)

0.251
<0.0001
<0.0001
0014
<0.0001
<0.0001
0.303
<0.0001
0.887
<0.0001
0.041

3270.000(2327.000-4406.000) 0.579

360.000(240.000-480.000)

2075(81.193)
617(18.807)

1180(47.298)
1512(52.702)

1324(50.460)
823(30.139)
545(19.402)

330(9.241)
483(15.539)
1048(41.804)
393(17.306)
438(16.110)

0.19
<0.0001

<0.0001

<0.0001

<0.0001

<0.0001
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Table 1 (continued)
Variable Total No kidney stones With kidney stones p value
No 14,117(43.853) 12,591(43.174) 1526(50.018)
Moderate 7314(28.347) 6608(28.219) 706(29.508)
Vigorous 2165(8.351) 2013(8.647) 152(5.666)
Both 4517(19.449) 4209(19.960) 308(14.807)
Frailty index, Median (Q1-Q3) 0.114(0.073-0.176) 0.112(0.073-0.172) 0.142(0.094-0.216) <0.0001
Frailty status, n (%) <0.0001
Robust 10,212(41.767) 9602(43.280) 610(28.042)
Pre-frail 13,885(47.657) 12,444(46.929) 1441(54.267)
Frail 4016(10.575) 3375(9.791) 641(17.691)

Table 2 Univariate and multivariate logistic regression analyses of the relationship between frailty index/frailty status and kidney

stones
Variable Model1 Model2 Model3 Model4
OR (95%Cl) p value OR (95%(Cl) p value OR (95%Cl) p value OR (95%Cl) p value
Frailty index 1.038(1.033-1.042) <0.0001 1.034(1.028-1.039) <0.0001 1.021(1.015-1.028) <0.0001 1.021(1.015-1.028) <0.0001
Frailty status
Robust ref ref ref ref
Pre-frail 1.785(1.58-,2.014) <0.0001 1.691(1.495-1.914) <0.0001 1.468(1.289-1.672) <0.0001 1.458(1.280-1.662) <0.0001
Frail 2.789(2.390-3.255) <0.0001 2.455(2.064-2.921) <0.0001 1.766(1.440-2.167) <0.0001 1.734(1.415-2.124) <0.0001
pfortrend  <0.0001 <0.0001 <0.0001 <0.0001

To yield integer values without changing the distribution, the frailty index was multiplied by 100

OR, odds ratio; 95% Cl, 95% confidence interval
Model 1 did not incorporate any variable adjustments
Model 2 adjusted for age + sex + race + education level + PIR + marital status

Model 3 adjusted for Model 2 + smoke status + alcohol status + BMI + diabetes + hypertension

Model 4 adjusted for Model 3 + total energy intake + total water intake + Scr + total cholesterol + triglycerides + HDL + serum uric acid + recreational activity + calcium

intake + sodium intake + sedentary time 4+ Serum calcium

status, education, diabetes, smoke statues, and alcohol
status. Notably, age, hypertension and BMI significantly
influenced this relationship.

This study initially explores the association between
frailty and KS. Frailty has been demonstrated to be a
major contributor to adverse health outcomes in various
clinical contexts [28]. Previous research has established
links between frailty and conditions such as systemic ath-
erosclerosis, diabetes, etc. [29-31]. In addition, frailty has
been demonstrated to be associated with an elevated risk
of mortality from a variety of causes [32, 33]. A previous
study about diabetic patients pointed out that the FI was
found to raise the risk for developing KS in people with
diabetes [18]. Moreover, previous studies about diabetic
patients pointed out that the FI was found to raise the
risk for developing urinary tract infection and end-stage
renal disease in people with diabetes which were the risk
factors of KS [34, 35]. Given that numerous studies have
demonstrated the close relationship between frailty and

kidney-related outcomes, such as CKD and serum uric
acid level [11, 16, 17], this may provide support for the
biological plausibility of the association between frailty
and kidney stones. Therefore, this study further advo-
cated that frailty plays a significant role in the formation
of KS in the general adult population. Even if various
potential influencing factors were accounted for, there
was a strong correlation between a higher FI and a higher
likelihood of KS formation was observed. That is to say,
frailty may emerge as a significant risk factor for KS for-
mation, but this requires further confirmation through
longitudinal studies in the future.

This stratified analysis showed that frailty had a
greater relative impact on KS venture in those indi-
viduals who are normal weight, younger than 60 years
old or without hypertension. Specifically, frailty had
the greatest relative effect on the likelihood of KS in
normal-weight individuals, whereas the impact was
less pronounced in overweight and obese individuals.
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Fig. 2 Restricted cubic spline of the association between frailty index and kidney stone adjusted for all covariates. To yield integer values

without changing the distribution, the frailty index was multiplied by 100

Individuals with obesity and overweight exhibit a
higher overall likelihood of KS, predominantly driven
by high serum calcium concentrations in visceral adi-
pose depots rather than the additional contribution of
frailty [36]. It can be speculated that this may be the
reason that the effect of frailty on KS was more pro-
nounced in people of normal weight. Moreover, the
results show that frailty had the greatest relative effect
on KS in individuals younger than 60. Younger indi-
viduals generally have a lower baseline likelihood for
KS than older individuals. Therefore, the additional
risk introduced by frailty may appear relatively larger
in younger populations. Frailty in younger individuals
may indicate severe underlying health issues or pre-
mature biological age, which could amplify the rela-
tive effect on KS formation. Thus, frailty had a greater
relative effect in younger individuals. As for the hyper-
tension subgroup, frailty appeared to have a more
significant relative effect on the likelihood of KS in

individuals without hypertension. The observed effects
may be attributed to the use of antihypertensive medi-
cations in patients with hypertension. Many antihyper-
tensive drugs also exhibit stone-preventive properties
[37—40]. For example, thiazide diuretics, widely pre-
scribed for hypertension, exert their effects by inhibit-
ing the Na+-Cl—symporter in the distal convoluted
tubule, which reduces sodium and water reabsorption,
thereby promoting diuresis [37, 38]. Moreover, nifedi-
pine works by inhibiting Ca2 + influx and prostaglandin
synthesis, leading to ureteral smooth muscle relaxa-
tion, reduced spasms, and enhanced peristalsis, thereby
facilitating stone expulsion [40]. Those may explain why
frailty exerts a greater relative effect on the likelihood
KS in people without hypertension. In addition to this,
the impact of frailty on KS formation may be attenuated
by the influence of other confounding factors, as older
adults, obese individuals, and hypertensive patients
generally carry more risks than their counterparts.
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Subgroup Frailty index = OR(95%Cl) P for interaction Pre-frail OR(95%Cl) Frail OR(95%Cl) P for interaction

Sex 0471 0.049
Female L 1.044(1.037.1.050) - 2.280(1.858.2.799) - 3.755(2.971.4.746)

Male . 1.037(1.031,1.044) - 1.681(1.409,2.006) Fa 2.616(2.108,3.248)

Race 0.04 0.113
Mexican American —— 1.052(1.042,1.063) = 2.393(1.750,3.273) —a— 4.334(2.947,6.373)
Non-Hispanic Black —.— 1.039(1.029.1.049) —— 2.500(1.715.3.643) —— 4.180(2.813.6.211)
Non-Hispanic While . 1.037(1.031,1.043) - 1.763(1.514,2.031) - 2.675(2.194,3.261)

Other race —a— 1.048(1.036,1.060) Ha— 1.973(1.626,2.552) —— 3.699(2.648,6.371)

Marital status 0.058 0.285
Unmarried —s—  1.051(1.038.1.065) —a— 2.475(1.688.3.628) —— 3.202(1.999.5.128)

No partner —a— 1.032(1.023,1.041) - 1.688(1.239,2.299) - 2.751(2.065,3.681)
Having a pariner = ! 1.036(1.030,1.042) - 1.658(1.435,1.915) - 2.558(2.093.3.127)

BMI 0.014 0.045
Normal weight —e 1.049(1.036,1.061) ] 1.735(1.356,2.219) —a— 3.607(2.402,6.417)

Ovenweight —— 1.027(1.017,1.037) - 1.367(1.096,1.705) . 2.023(1.487,2.753)
Obesity H— 1.032(1.027,1.038) HH 1.950(1.607,2.367) H— 2.620(2.094,3.279)

Age <0.0001 0.002
260 —=— 1.019(1.011,1.027) bt 1.307(1.028,1.661) - 1.606(1.202,2.145)
<60 e 1.043(1.035,1.050) - 1.807(1.542,2.117) e 3.152(2.545,3.904)

Education 0.029 0.156
Lass than high school —=— 1.035(1.026,1.045) = 1.945(1.372,2.757) —— 3.093(2.164,4.422)

High school or equivalent —— 1.028(1.019.1.037) Fa—t 2.058(1.585.2.670) -— 2.352(1.661.3.332)
More than high school —_— 1.044(1.036,1.051) - 1.686(1.404,2.026) - 3.049(2.435,3.818)

Diabetes 0.087 0.864
No - 1.033(1.027,1.040) L] 1.661(1.443,1.890) H- 2.260(1.883.2.713)

Yes —s— 1.023(1.012.1.033) H—8—————————  2.124(0.677.6.669) —s——— 2.960(0.958.9.151)

Hypertension <0.0001 <0.001
No —a— 1.047(1.037,1.057) ™ 1.688(1.452,1.964) [—— 3.306(2.617.4.343)

Yos - 1.017(1.011,1.023) o 1.220(0.995,1.497) L 1.519(1.225,1.884)

Smoke status 0.292 0.04
Never . 1.041(1.034,1.049) HH 1.745(1.459,2.089) - 2.977(2.340.3.788)

Former —— 1.033(1.023,1.043) - 2.111(1.675,2.661) i 2.489(1.789,3.464)
Now —— 1.033(1.024.1.043) bt 1.337(1.022.1.749) [a— 2.537(1.875.3.433)

Alcohol status 0.648 0.204
Novor —a— 1.032(1.021,1.043) e 1.572(1.122,2.203) —— 2.634(1.771,3.918)

Former —a— 1.036(1.027,1.045) —— 1.741(1.158,2.619) —.— 2.846(1.915,4.226)
Mild e 1.034(1.026.1.042) HH 1.530(1.297.1.805) - 2.201(1.748.2.771)
Moderale —— 1.043(1.029,1.058) —a— 2.324(1.706,3.167) —a— 3.689(2.341,5.814)
Hoavy —— 1.035(1.025,1.045) - 2.021(1.582,2.583) - 2.658(1.881,3.755)
—_—
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Fig. 3 Subgroup analysis of the association between frailty index, frail status and prevalence of kidney stones disease. To yield integer values

without changing the distribution, the frailty index was multiplied by 100

This study includes a large and diverse cohort of par-
ticipants from the NHANES 2007-2020 dataset, signifi-
cantly increasing the statistical power and generalizability
of the results. This extensive dataset provides valuable
and comprehensive insights into the relationship under
investigation. In addition, the FI and frailty status were
used in this study to analyze the association between
frailty and KS, respectively, and a consistent result was
obtained. Moreover, to the authors’ knowledge, this is the
first study to evaluate the relationship between KS and
frailty in the adult population through the FI and frailty
status. Because of these advantages, the results of this
study have high reliability and correlation.

There are also several limitations in this study. Firstly,
it is hard to draw an exact causality between frailty and
KS because of the peculiarity of cross-sectional studies.
In order to establish a more certain causal relationship,
longitudinal studies or interventional trials are required
in the future. Secondly, information regarding kidney
stones and comorbidities was self-reported, which may
be subject to recall bias and other possible biases such
as poor memory. Moreover, while efforts were made to
adjust for known confounders, residual and unmeasured
confounding factors may still affect the results. Finally, it
is necessary to acknowledge that the findings from this
study are exclusively applicable to Americans and cannot
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be extrapolated to other groups. Further research on dif-
ferent groups is needed in the future.

Conclusion

This study exhibited a positive relationship between
frailty and the odds of KS formation in adults, suggest-
ing a potential contribution of frailty to an increase in
the likelihood of KS formation. Nevertheless, the causal
association between frailty and KS cannot be established
due to the limits of the cross-sectional study nature. In
the future, longitudinal studies or interventional trials are
warranted to understand the underlying mechanisms and
gain a more comprehensive insight into this association.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540001-025-02672-7.

[ Additional file 1. }

Acknowledgements
The authors express sincere gratitude to the individual who generously shared
the original dataset for this study.

Author contributions
GYZY, REL. and YD.L. wrote the main manuscript text and XQ.Z, TH.and FY.L.
prepared All Tables and Figures. All authors reviewed the manuscript.

Funding
This study was supported by a grant from the Science and Technology Pro-
gram of Guangzhou, China (No. 202201020511).

Data availability
The dataset analyzed during this study can be found in NHANES: https://www.
cdc.gov/nchs/nhanes/

Declarations

Ethics approval and consent to participate
The NCHS Ethics Review Committee has approved NHANES. The patient/
participant provided written informed consent to participate in this study.

Consent to publications
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Urology and Guangdong Key Laboratory of Urology, The
First Affiliated Hospital of Guangzhou Medical University, Guangzhou 510230,
Guangdong, China.

Received: 11 April 2025 Accepted: 8 May 2025
Published online: 24 May 2025

References

1. Scales CD, Smith AC, Hanley JM, Saigal CS. Prevalence of kidney stones in
the United States. Eur Urol. 2012;62(1):160-5.

2. Abufaraj M, Xu T, Cao C, Waldhoer T, Seitz C, DAndrea D, Siyam A,
Tarawneh R, Fajkovic H, Schernhammer E, et al. Prevalence and trends

20.

21.

22.

23.

24,

Page 9 of 10

in kidney stone among adults in the USA: analyses of national health
and nutrition examination survey 2007-2018 data. Eur Urol Focus.
2021;7(6):1468-75.

Sasmaz M, Kirpat V. The relationship between the severity of pain and
stone size, hydronephrosis and laboratory parameters in renal colic
attack. Am J Emerg Med. 2019;37(11):2107-10.

Ripa F, Pietropaolo A, Montanari E, Hameed BMZ, Gauhar V, Somani BK.
Association of kidney stones and recurrent UTls: the chicken and egg sit-
uation. A systematic review of literature. Curr Urol Rep. 2022,23(9):165-74.
Medina-Escobedo M, Sdnchez-Pozos K, Gutiérrez-Solis AL, Avila-Nava

A, Gonzélez-Rocha L, Lugo R. Recurrence of nephrolithiasis and surgical
events are associated with chronic kidney disease in adult patients.
Medicina. 2022;58(3):420.

Soligo M, Morlacco A, Zattoni F, Valotto C, De Giorgi G, Beltrami P. Meta-
bolic syndrome and stone disease. Panminerva Med. 2022;64(3):344-58.
Chung S-D, Liu S-P, Keller JJ, Lin H-C. Urinary calculi and an increased
risk of stroke: a population-based follow-up study. BJU Int. 2012;110(1 Pt
C):E1053-9.

Jiang Z, Wang J, Cai X, Wang P, Liu S. L-shaped association of serum
a-Klotho and frailty among the middle-aged and older adults: results
from NHANES 2007-2016. BMC Geriatr. 2023;23(1):716.

Walston J, Hadley EC, Ferrucci L, Guralnik JM, Newman AB, Studenski SA,
Ershler WB, Harris T, Fried LP. Research agenda for frailty in older adults:
toward a better understanding of physiology and etiology: summary
from the American Geriatrics Society/National Institute on Aging
Research Conference on Frailty in Older Adults. JAm Geriatr Soc 2006,
54(6): 991-1001.

Clegg A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly peo-
ple. Lancet. 2013;381(9868):752-62.

. Wilhelm-Leen ER, Hall YN. KTamura M, Chertow GM: Frailty and chronic

kidney disease: the Third National Health and Nutrition Evaluation Survey.
Am J Med. 2009;122(7):664-71.

Li L, Wang Y, Yang C, Huang C, Duan L, Zhou J, Lu Y, Zhao G. Frailty in
hypertensive population and its association with all-cause mortality:
data from the National Health and nutrition examination survey. Front
Cardiovasc Med. 2023;10: 945468.

Bandeen-Roche K, Seplaki CL, Huang J, Buta B, Kalyani RR, Varadhan

R, Xue Q-L, Walston JD, Kasper JD. Frailty in older adults: a nationally
representative profile in the United States. J Gerontol A Biol Sci Med Sci.
2015;70(11):1427-34.

Rockwood K, Mitnitski A. Frailty in relation to the accumulation of deficits.
J Gerontol A Biol Sci Med Sci. 2007;62(7):722-7.

Schoufour JD, Mitnitski A, Rockwood K, Evenhuis HM, Echteld MA. Devel-
opment of a frailty index for older people with intellectual disabilities:
results from the HA-ID study. Res Dev Disabil. 2013;34(5):1541-55.

Zhang L, Zhang Y, He Y, Deng F, Xue J. Association of frailty index with
incidence of chronic kidney disease: China Health and retirement longi-
tudinal study. Eur Geriatr Med. 2025;16(2):681-8.

Kang M-G, Baek JY, Jo'Y, Ryu D, Jang I-Y, Jung H-W, Kim B-J. Higher serum
uric acid as a risk factor for frailty in older adults: a nationwide popula-
tion-based study. J Cachexia Sarcopenia Muscle. 2024;15(5):2134-42.
Chao C-T, Wang J, Huang J-W, Hung K-Y, Chien K-L. Frailty predicts a
higher risk of incident urolithiasis in 525 368 patients with diabetes
mellitus: a population-based study. BMJ Open Diabetes Res Care.
2020;8(1):000755.

LiuY,HanY, GaoY, Yao N, Wang Y, Wang F, Wu Z, Dong Y, Wang S, Li B.The
association between oxidative balance score and frailty in adults across a
wide age spectrum: NHANES 2007-2018. Food Funct. 2024;15(9):5041-9.
Liu H, Jin M, Hao H, Yuan Y, Jia H, Zhou Y. Association between relative fat
mass and kidney stones in American adults. Sci Rep. 2024;14(1):27045.
Liu M, Yang P, Gou Y. Association between triglyceride glucose index-
related indices and kidney stones in adults based on NHANES 2007-2020.
Front Endocrinol. 2024;15:1516982.

Hakeem FF, Bernabé E, Sabbah W. Association between oral health

and frailty among American older adults. J Am Med Dir Assoc.
2021,22(3):559-63.

Searle SD, Mitnitski A, Gahbauer EA, Gill TM, Rockwood K. A standard
procedure for creating a frailty index. BMC Geriatr. 2008;8:24.

Yao H,Wang H, Li T, Feng X, Liu D, Zhang Y, Li M, Xiao G. Weekend catch-
up sleep and frailty in US adults: a cross-sectional study from NHANES
2017-2020. BMC Public Health. 2025;25(1):1481.


https://doi.org/10.1186/s40001-025-02672-7
https://doi.org/10.1186/s40001-025-02672-7
https://www.cdc.gov/nchs/nhanes/
https://www.cdc.gov/nchs/nhanes/

Yue et al. European Journal of Medical Research (2025) 30:412

25.

26.

27.

28.

29.

30.

31

32.

33.

34

35.

36.

37.

38.

39.

40.

Rockwood K, Andrew M, Mitnitski A. A comparison of two approaches

to measuring frailty in elderly people. J Gerontol A Biol Sci Med Sci.
2007;62(7):738-43.

He D, Li J, LiY, Zhu J, Zhou T, Xu Y, Wu Q, Cheng Z, Chen Q, Liu Z, et al.
Frailty is associated with the progression of prediabetes to diabetes and
elevated risks of cardiovascular disease and all-cause mortality in indi-
viduals with prediabetes and diabetes: evidence from two prospective
cohorts. Diabetes Res Clin Pract. 2022;194: 110145.

He D,Wang Z, Li J,Yu K, He Y,He X, Liu Y, LiY, Fu R, Zhou D, et al. Changes
in frailty and incident cardiovascular disease in three prospective cohorts.
Eur Heart J. 2024;45(12):1058-68.

Lee H, Lee E, Jang IY. Frailty and comprehensive geriatric assessment. J
Korean Med Sci. 2020;35(3): e16.

Liu P, LiY, Zhang Y, Mesbah SE, Ji T, Ma L. Frailty and hypertension in older
adults: current understanding and future perspectives. Hypertens Res.
2020;43(12):1352-60.

Xu L, Wang, JiH, DuW, You C, Chen J, Jiang J, Shan'Y, Pan Q, Cao R. Frailty
and risk of systemic atherosclerosis: a bidirectional Mendelian randomiza-
tion study. PLoS ONE. 2024;19(5): e0304300.

Assar ME, Laosa O, Rodriguez Manas L. Diabetes and frailty. Curr Opin Clin
Nutr Metab Care. 2019;22(1):52-7.

Hoogendijk EQ, Afilalo J, Ensrud KE, Kowal P, Onder G, Fried LP.

Frailty: implications for clinical practice and public health. Lancet.
2019;394(10206):1365-75.

Fan J,Yu C,GuoY, Bian Z, Sun Z,Yang L, ChenY,Du H, Li Z, Lei Y, et al.
Frailty index and all-cause and cause-specific mortality in Chinese adults:
a prospective cohort study. Lancet Public Health. 2020;5(12):e650-60.
Chao C-T, Lee S-Y,Wang J, Chien K-L, Huang J-W. Frailty increases the

risk for developing urinary tract infection among 79,887 patients with
diabetic mellitus and chronic kidney disease. BMC Geriatr. 2021;21(1):349.
Chao C-T, Wang J, Huang J-W, Chan D-C, Chien K-L. Frailty predicts

an increased risk of end-stage renal disease with risk competition by
mortality among 165,461 diabetic kidney disease patients. Aging Dis.
2019;10(6):1270-81.

Lovegrove CE, Bedevic J, Wiberg A, Lacey B, Littlejohns TJ, Allen NE,
Goldsworthy M, Kim J, Hannan FM, Curhan GC, et al. Central adiposity
increases risk of kidney stone disease through effects on serum calcium
concentrations. J Am Soc Nephrol. 2023;34(12):1991-2011.

Bergsland KJ, Worcester EM, Coe FL. Role of proximal tubule in the hypoc-
alciuric response to thiazide of patients with idiopathic hypercalciuria.
Am J Physiol Renal Physiol. 2013;305(4):F592-9.

Nijenhuis T, Vallon V, van der Kemp AWCM, Loffing J, Hoenderop JGJ,
Bindels RJIM. Enhanced passive Ca2+ reabsorption and reduced Mg2+
channel abundance explains thiazide-induced hypocalciuria and
hypomagnesemia. J Clin Investig. 2005;115(6):1651-8.

Sloand JA, Izzo JL. Captopril reduces urinary cystine excretion in cystinu-
ria. Arch Intern Med. 1987;147(8):1409-12.

Hollingsworth JM, Rogers MAM, Kaufman SR, Bradford TJ, Saint S, Wei

JT, Hollenbeck BK. Medical therapy to facilitate urinary stone passage: a
meta-analysis. Lancet. 2006,368(9542):1171-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10



	Association between frailty with kidney stones disease among adults aged 20 years and older population: a cross-sectional study of NHANES 2007–2020
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Data source
	Study population
	Assessment of kidney stone
	Assessment of frailty index and frailty status
	Covariates definition
	Statistical analyses

	Results
	Baseline characteristics of participants
	Associations between the frailty and kidney stones
	Subgroup analysis

	Discussion
	Conclusion
	Acknowledgements
	References


