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Abstract

Background: Primary hyperparathyroidism (PHPT) is an impor-
tant but under-recognized cause of nephrolithiasis. Despite clinical 
guidelines recommending biochemical screening for PHPT in stone-
forming patients, especially those with hypercalcemia, screening and 
referral patterns remain inconsistent in routine practice. This study 
aimed to evaluate adherence to PHPT screening recommendations 
among adult stone-forming patients and to determine the prevalence 
and characteristics of confirmed PHPT cases in a tertiary Saudi center.

Methods: A retrospective cohort study was conducted at King Ab-
dulaziz Medical City (KAMC), Riyadh, including adult Saudi patients 
diagnosed with nephrolithiasis between January 2019 and December 
2023. Data were extracted from the BestCare electronic health record 
system. Patients were classified according to serum calcium status 
and parathyroid hormone (PTH) testing. PHPT was defined as persis-
tent hypercalcemia with inappropriately elevated PTH after exclusion 
of secondary causes. Statistical analysis was performed using SPSS 
version 26.

Results: A total of 1,229 patients were included (800 males, 429 fe-
males). Females had a significantly higher body mass index (BMI) 
(P < 0.001) and were more likely to have kidney stones ≥ 10 mm (P 
= 0.004), while males had significantly higher creatinine levels (P 
< 0.001) and more ureteral stones (P < 0.001). PTH screening was 
performed more frequently in females (53.2%) than males (46.8%) (P 
< 0.001). Although PHPT was diagnosed more frequently in females, 
the gender difference in PHPT prevalence was not statistically sig-

nificant (P = 0.336). Referral to endocrinology was significantly more 
common among those diagnosed with PHPT (P = 0.046), yet overall 
referral rates remained low.

Conclusion: There is significant under-screening for PHPT among 
patients with nephrolithiasis, particularly among hypercalcemic indi-
viduals. Gender-based disparities in evaluation and referral patterns 
were observed. These findings emphasize the need for improved cli-
nician awareness and systematic screening protocols to enhance early 
detection and management of PHPT in stone-forming patients.

Keywords: Nephrolithiasis; Primary hyperparathyroidism; Parathy-
roid hormone; Screening; Gender differences

Introduction

Primary hyperparathyroidism (PHPT) is a common endocrine 
disorder characterized by autonomous secretion of parathy-
roid hormone (PTH), resulting in hypercalcemia. Although 
the classical biochemical presentation includes elevated serum 
calcium and PTH levels, PHPT may also present with inappro-
priately normal or elevated PTH in the setting of high-normal 
calcium concentrations, particularly in early or normocalcemic 
forms of the disease [1]. Chronic hypercalcemia leads to mul-
tisystem involvement, with renal and skeletal complications 
being the most clinically significant [2].

Renal manifestations are among the earliest and most fre-
quent complications of PHPT. Elevated PTH levels increase 
renal tubular calcium handling and filtered calcium load, often 
resulting in hypercalciuria and nephrolithiasis. Persistent hy-
percalcemia may also contribute to progressive renal impair-
ment [3]. Nephrolithiasis itself represents a substantial global 
health burden, affecting approximately 1 in 11 individuals in 
the United States [4]. Regional data suggest a considerable 
burden in Saudi Arabia as well, where environmental factors 
such as high ambient temperatures and dehydration, along 
with dietary patterns and metabolic risk factors, likely contrib-
ute to increased stone prevalence [5, 6].

Although PHPT accounts for approximately 3–5% of 
nephrolithiasis cases, affected individuals carry a markedly in-
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creased risk of recurrent stone formation compared with those 
without PHPT [7]. Despite this well-established association, 
PHPT remains under-recognized in stone-forming patients. 
Data from the United States Veterans Affairs system demon-
strated that fewer than 25% of patients with nephrolithiasis 
and concomitant hypercalcemia underwent appropriate PHPT 
screening [8]. Delayed recognition may postpone definitive 
management, including parathyroidectomy, thereby increasing 
the risk of recurrent stones and skeletal complications [9].

Current guidelines recommend biochemical evaluation 
with serum calcium and PTH measurement in patients with re-
current or unexplained nephrolithiasis, particularly in the pres-
ence of hypercalcemia. However, adherence to these recom-
mendations in routine clinical practice appears inconsistent.

Given the clinical importance of early detection and the 
limited regional data from Middle Eastern populations, the 
primary objective of this study was to evaluate adherence to 
PHPT biochemical screening recommendations among adult 
patients presenting with nephrolithiasis at a tertiary center in 
Saudi Arabia. Secondary objectives included determining the 
prevalence of confirmed PHPT cases and assessing referral 
patterns to endocrinology services. These findings aim to in-
form strategies to improve diagnostic pathways and optimize 
outcomes in this high-risk population.

Materials and Methods

Study design and setting

This study employed a retrospective cohort design and was 
conducted at King Abdulaziz Medical City (KAMC) in Ri-
yadh, Saudi Arabia. KAMC is a large tertiary care hospital 
with a capacity of over 1,500 beds, serving a broad catchment 
area and offering specialized services, including nephrology 
and endocrinology. The study focused on adult patients diag-
nosed with nephrolithiasis who received care at KAMC be-
tween January 1, 2019, and December 31, 2023. The hospital’s 
integrated electronic health information system, BestCare, was 
utilized for case identification and data retrieval. Patients were 
identified using diagnostic coding for nephrolithiasis and con-
firmed by review of radiological imaging reports documented 
in the electronic health record system.

Study population and inclusion and exclusion criteria

The target population included all Saudi adult patients aged 18 
years and older who had a radiologically confirmed diagnosis 
of nephrolithiasis within the specified 5-year period. Because 
the primary objective of this study was to evaluate adherence 
to biochemical screening recommendations for PHPT among 
stone-forming patients, inclusion was not restricted to individu-
als with elevated serum calcium or confirmed PHPT. Instead, 
all eligible stone-forming patients with at least one documented 
serum calcium measurement were included to allow assessment 
of whether appropriate PTH testing was performed when indi-
cated. Patients whose records lacked serum calcium measure-

ments were excluded from the analysis. For the subgroup anal-
ysis of confirmed PHPT cases, patients were required to have 
both serum calcium and PTH measurements available. Patients 
with known secondary hyperparathyroidism (such as advanced 
chronic kidney disease stage 4–5), prior parathyroidectomy, or 
known familial hypocalciuric hypercalcemia were excluded.

Definition of PHPT

PHPT was defined as persistent hypercalcemia (adjusted se-
rum calcium above the institutional upper limit of normal) in 
the presence of an inappropriately elevated or non-suppressed 
PTH level, after exclusion of secondary causes such as signifi-
cant vitamin D deficiency or advanced chronic kidney disease. 
Patients were categorized according to calcium status (normo-
calcemic versus hypercalcemic) and whether PTH testing was 
performed, allowing evaluation of screening adherence and 
identification of confirmed PHPT cases.

Sample size and sampling technique

To determine the required sample size, the Raosoft online sam-
ple size calculator was used [10]. With a 95% confidence level, 
a 5% margin of error, and an expected outcome frequency of 
50%, the estimated minimum sample size was calculated to be 
377 patients. Because the total number of eligible patients was 
unknown at the outset, a consecutive sampling technique was 
applied. All patients meeting the inclusion and exclusion cri-
teria during the defined time frame were included in the study 
to ensure comprehensive coverage and reduce selection bias.

Data collection procedures

Data collection was carried out through a detailed chart re-
view using the BestCare system. A standardized data col-
lection sheet was developed by the research team to capture 
relevant clinical and demographic information. Variables ex-
tracted included patient age and gender, as well as laboratory 
results for serum calcium and PTH. Stone-related variables 
were collected primarily to characterize the overall cohort and 
to evaluate whether screening practices differed according to 
clinical presentation; however, the study was not designed to 
compare stone characteristics between PHPT and non-PHPT 
groups. Additional information was collected regarding the 
clinical management of PHPT, including referrals to endo-
crinology, documentation of outpatient clinic visits, and any 
treatment plans initiated. The review of physician notes and 
clinical orders provided insight into diagnostic and therapeutic 
decision-making related to hyperparathyroidism in the context 
of nephrolithiasis.

Outcome measures

The main outcome of interest was the identification of PHPT 
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among patients with nephrolithiasis. Secondary outcomes 
included referral to endocrinology services and the type of 
management strategy implemented for PHPT, such as surgical 
intervention or medical observation. The study also aimed to 
explore whether demographic variables such as age and gen-
der were associated with the likelihood of PHPT diagnosis.

Data analysis

All data were analyzed using IBM SPSS Statistics for Win-
dows, version 26.0 (IBM Corp., Armonk, NY, USA). Categori-
cal variables, such as gender and referral status, were sum-
marized as frequencies and percentages. Continuous variables, 
such as age, were summarized using means and standard de-
viations. The Chi-square test was used to assess associations 
between PHPT and categorical baseline variables (e.g., gender 
group), whereas an independent t-test was used to assess asso-
ciation with continuous variables. A P-value of less than 0.05 
was considered statistically significant.

Institutional review board approval

The study was approved by the Institutional Review Board of 
King Abdullah International Medical Research Center (Ap-
proval No. NRC24R/079/02).

Ethical compliance with human study

This study was conducted in compliance with the ethical stand-
ards of the responsible institution on human subjects.

Results

Baseline characteristics and clinical variables of the study 
population

Table 1 presents the baseline characteristics and clinical vari-
ables of the study population, categorized by gender. A total 

of 800 males and 429 females were included for age and body 
mass index (BMI) analyses, with slight variations in sample 
sizes for other variables due to data availability. The mean 
age of males was 46.78 ± 15.323 years, compared to 48.47 
± 15.234 years for females, a difference that was not statis-
tically significant (P = 0.065). However, significant differ-
ences between genders were observed for several variables. 
Females had a significantly higher mean BMI (31.58 ± 9.366 
kg/m2) compared to males (28.04 ± 5.329 kg/m2, P < 0.001). 
Similarly, creatinine levels were significantly higher in males 
(98.53 ± 72.749) than in females (70.60 ± 46.351, P < 0.001). 
Conversely, estimated glomerular filtration rate (eGFR) was 
significantly lower in males (89.53 ± 30.003) compared to 
females (93.43 ± 23.742, P = 0.021). Additionally, 25-OH 
vitamin D levels were significantly lower in males (55.82 ± 
28.728) than in females (62.06 ± 29.641, P = 0.011). No sta-
tistically significant differences between genders were found 
for adjusted calcium, phosphorus, or PTH levels as shown in 
Table 1.

Characteristics of renal stones and subsequent manage-
ment, categorized by gender

Table 2 outlines the characteristics of renal stones and their 
subsequent management, stratified by gender. The majority 
of both males (64.9%) and females (65.5%) experienced their 
first stone episode, with no significant gender difference (P 
= 0.826). However, significant differences were observed in 
stone location, size, composition, and endocrine referral. Kid-
ney stones were more prevalent in females (47.3%) than males 
(35.4%), while ureteral stones were more common in males 
(64.6%) than females (52.7%), a statistically significant differ-
ence (P < 0.001). Regarding stone size, a significantly higher 
percentage of females (28.7%) presented with stones ≥ 10 mm 
compared to males (21.3%, P = 0.004).

Stone composition also varied significantly by gender (P 
= 0.006). While calcium oxalate was the most common stone 
type in both genders (75.9% in males, 81.6% in females), uric 
acid stones were notably more common in males (3.6%) than 
in females (0.5%). There was no significant gender difference 
in the number of stones (P = 0.096).

Regarding management, there was no significant differ-

Table 1.  Characteristics and Clinical Variables of the Patients, Categorized by Gender

Variables Male Female P-value
Age, years 800 (46.78 ± 15.323) 429 (48.47 ± 15.234) 0.065
BMI (kg/m2) 799 (28.04 ± 5.329) 429 (31.58 ± 9.366) < 0.001
Adjusted calcium (mmol/L) 774 (2.39 ± 3.982) 423 (2.76 ± 9.712) 0.362
Phosphorus (mg/dL) 776 (1.19 ± 2.736) 424 (1.12 ± 0.207) 0.48
Parathyroid hormone (pmol/L) 96 (12.37 ± 15.448) 109 (10.30 ± 6.431) 0.202
Creatinine (µmol/L) 796 (98.53 ± 72.749) 426 (70.60 ± 46.351) < 0.001
eGFR (mL/min/1.73 m2) 788 (89.53 ± 30.003) 424 (93.43 ± 23.742) 0.021
25-OH vitamin D (nmol/L) 329 (55.82 ± 28.728) 253 (62.06 ± 29.641) 0.011

Data are expressed as n (mean ± SD). BMI: body mass index; eGFR: estimated glomerular filtration rate.
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ence between genders in the treatment modalities (P = 0.218). 
Conservative management was the most frequent approach for 
both males (50.7%) and females (47.8%). Laparoscopic and 
robot-assisted surgery was the second most common manage-
ment, followed by shock wave lithotripsy. Finally, a signifi-
cantly higher proportion of females (5.6%) were referred to 
endocrinology compared to males (2.1%, P = 0.001).

Distribution of hypercalcemic and PHPT individuals, 
categorized by gender and age

Table 3 presents the distribution of hypercalcemic and normo-
calcemic individuals, and those screened for PTH and PHPT, 
categorized by gender and age. Age did not differ significantly 
between hypercalcemic (47.30 ± 20.640 years) and normoc-
alcemic (47.42 ± 15.277 years) individuals (P = 0.980), nor 
between those who underwent PTH screening (47.78 ± 12.136 

years) and those who did not (47.29 ± 15.870 years, P = 0.674), 
or between individuals with PHPT (48.03 ± 11.932 years) and 
normal PTH (47.32 ± 12.575 years, P = 0.616) as shown in 
Table 3.

While there was no significant gender difference in the 
distribution of hypercalcemia (P = 0.101), with females slight-
ly more represented in the hypercalcemic group (60.0% vs. 
40.0% for males), a highly significant gender difference was 
observed in PTH screening (P < 0.001). Females constituted 
a larger proportion of those screened for PTH (53.2%) com-
pared to males (46.8%), while males predominantly comprised 
the group not screened (68.8% vs. 31.3% for females). Within 
the screened population, gender distribution for PHPT versus 
normal PTH was not statistically significant (P = 0.336). No-
tably, there was a significant difference in referral patterns (P 
= 0.046), with a higher percentage of individuals with PHPT 
being referred (17.3%) compared to those with normal PTH 
(6.9%) as illustrated in Table 3.

Table 2.  Characteristics of Renal Stones and Subsequent Management, Categorized by Gender

Variables Male (n = 800) Female (n = 429) P-value
Stone episode
    First 519 (64.9%) 281 (65.5%) 0.826
    Recurrent 281 (35.1%) 148 (34.5%)
Location of stone
    Kidney 283 (35.4%) 203 (47.3%) < 0.001
    Ureteral 517 (64.6%) 226 (52.7%)
Number of stone
    1 512 (64.0%) 249 (58.0%) 0.096
    2 141 (17.6%) 94 (21.9%)
    Multiple 147 (18.4%) 86 (20.0%)
Size of largest stone (mm)
    < 10 mm 630 (78.8%) 306 (71.3%) 0.004
    ≥ 10 mm 170 (21.3%) 123 (28.7%)
Composition of stone
    Calcium oxalate 141 (17.6%) 61 (14.2%) 0.006
    Calcium phosphate 3 (0.4%) 3 (0.7%)
    Uric acid 29 (3.6%) 2 (0.5%)
    Cystine 4 (0.5%) 5 (1.2%)
    Struvite 16 (2.0%) 8 (1.9%)
    No data 607 (75.9%) 350 (81.6%)
Management
    Conservative 406 (50.7%) 205 (47.8%) 0.218
    Shock wave lithotripsy 105 (13.1%) 45 (10.5%)
    Laparoscopic and robot assisted surgery 257 (32.1%) 164 (38.2%)
    Percutaneous Nephrolithotomy 32 (4.0%) 15 (3.5%)
Referral to endocrine
    Yes 17 (2.1%) 24 (5.6%) 0.001
    No 780 (97.5%) 400 (93.2%)
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Discussion

This study aimed to evaluate the clinical characteristics, bi-
ochemical profiles, and screening patterns for PHPT among 
Saudi patients presenting with nephrolithiasis at a tertiary care 
center. Importantly, this study was not designed to compare 
PHPT patients with and without nephrolithiasis, but rather to 
evaluate whether patients presenting with nephrolithiasis were 
appropriately screened for PHPT according to guideline rec-
ommendations. Through the analysis of over 1,200 patients, 
several important gender-based differences in clinical and 
laboratory features, stone characteristics, and management 
patterns were identified. Notably, the study also explored the 
frequency and determinants of PTH screening and PHPT diag-
nosis among this population.

A significant finding from our cohort was the suboptimal 
rate of PTH screening among patients with nephrolithiasis, par-
ticularly in males. Despite existing guidelines advocating for se-
rum calcium and PTH evaluation in recurrent stone formers or 
those with hypercalcemia, the rate of PTH screening remained 
low overall, and disproportionately lower among male patients. 
These findings align with prior data from Ganesan et al, who 
reported that fewer than 25% of patients with kidney stones and 
concurrent hypercalcemia were screened for PHPT in a large 
veteran population [8]. This missed opportunity for early diag-
nosis may contribute to preventable complications such as re-
current stones, chronic kidney disease, and skeletal pathology.

Gender disparities were evident across multiple domains. 
Females in our cohort had significantly higher BMI, lower 
creatinine, and higher eGFR compared to males. Interestingly, 

vitamin D levels were also significantly higher in females. 
These observations may reflect differences in health-seeking 
behavior, nutritional status, and underlying comorbidity pro-
files between genders. Similar gender-related biochemical dif-
ferences have been reported in the literature, particularly in 
Middle Eastern populations, where cultural and lifestyle fac-
tors may contribute to variations in vitamin D status and BMI.

With respect to stone characteristics, females were more 
likely to present with kidney stones, while males more com-
monly had ureteral stones. Additionally, a greater proportion 
of females had stones ≥ 10 mm in diameter. These findings 
challenge the traditional perception that nephrolithiasis is 
more prevalent and severe in males. Although historically 
more common in men, recent epidemiological shifts suggest 
a rising prevalence in women, possibly driven by increasing 
rates of obesity and metabolic syndrome [11, 12]. Our findings 
support this trend, particularly in the Saudi context, where obe-
sity and sedentary lifestyles are increasingly prevalent among 
women, especially in middle-aged women [13].

Calcium oxalate remained the predominant stone compo-
sition across both sexes, consistent with previous international 
and regional studies [3, 14]. However, uric acid stones were 
more common among males in our cohort. This is in keeping 
with previous reports indicating a male predominance in uric 
acid stone formation, possibly related to higher rates of meta-
bolic syndrome, increased purine intake, and lower urinary pH 
in men [14–16]. Despite differences in stone size and location, 
there was no significant gender difference in the number of 
stones or treatment modalities received. Conservative manage-
ment was the most common approach, followed by minimally 
invasive surgical options such as laparoscopic and robot-as-

Table 3.  Distribution of Hypercalcemic and Normocalcemic Individuals, Categorized by Gender and Age

Hypercalcemia Normocalcemia/hypocalcemia P-value
Age, years 47.30 ± 20.640 47.42 ± 15.277 0.98
Gender
    Male 4 (40.0%) 770 (64.9%) 0.101
    Female 6 (60.0%) 417 (35.1%)

Screen PTH No screen PTH
Age, years 47.78 ± 12.136 47.29 ± 15.870 0.674
Gender
    Male 96 (46.8%) 704 (68.8%) < 0.001
    Female 109 (53.2%) 320 (31.3%)

PHPT Normal PTH
Age, years 48.03 ± 11.932 47.32 ± 12.575 0.616
Gender
    Male 59 (44.4%) 37 (51.4%) 0.336
    Female 74 (55.6%) 35 (48.6%)
Referral
    Yes 23 (17.3%) 5 (6.9%) 0.046
    No 107 (80.5%) 67 (93.1%)

PHPT: primary hyperparathyroidism; PTH: parathyroid hormone.
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sisted procedures, and shock wave lithotripsy.
An important clinical observation was the significantly 

higher rate of referral to endocrinology among females. Fe-
males were also more likely to be screened for PTH and to be 
diagnosed with PHPT, although the gender difference in PHPT 
prevalence did not reach statistical significance. This disparity 
may reflect a potential gender bias in referral practices, or great-
er clinical suspicion for PHPT in females due to their higher 
calcium levels or more overt clinical symptoms. Prior studies 
have documented that PHPT is more frequently diagnosed in 
postmenopausal women, which may further explain the higher 
rates of referral and screening in our female patients [17, 18].

The prevalence of PHPT among patients with nephrolithi-
asis in our cohort was clinically meaningful. Although age did 
not significantly differ between those with hypercalcemia or 
PHPT and their normocalcemic or normal-PTH counterparts, 
a notable proportion of hypercalcemic individuals were not 
screened for PTH. This reinforces the need for improved ad-
herence to clinical guidelines, especially given that PHPT ac-
counts for 3–5% of kidney stone cases and increases the risk of 
recurrence up to 40-fold [19, 20]. Failure to recognize and treat 
PHPT can result in persistent hypercalcemia, ongoing stone 
formation, and long-term complications including osteoporo-
sis, fractures, and renal insufficiency [19, 21].

Endocrinology referral patterns also revealed a critical gap 
in care. Only 5.6% of females and 2.1% of males were referred 
to endocrinology despite presenting with nephrolithiasis, and 
even fewer among those with confirmed PHPT. These findings 
suggest under-recognition of the condition and missed oppor-
tunities for surgical cure, particularly through parathyroidec-
tomy, which has been shown to significantly reduce stone re-
currence and improve bone health outcomes. The significantly 
higher referral rate among individuals with confirmed PHPT 
compared to those with normal PTH highlights that referrals 
were often reactive rather than proactive, potentially leading 
to diagnostic delays.

From a pathophysiological perspective, the mechanisms 
linking PHPT and nephrolithiasis are well established [22, 
23]. PTH increases renal tubular calcium reabsorption, yet in 
the setting of elevated serum calcium and filtered load, hyper-
calciuria frequently develops [24, 25]. This enhances the risk 
for calcium stone formation, especially when compounded by 
low urinary volume, acidic urine, or hypocitraturia [25]. The 
presence of vitamin D deficiency, which was more common 
in males in our study, can also alter calcium homeostasis and 
complicate the biochemical interpretation of PHPT, particular-
ly in normocalcemic variants. Therefore, correcting vitamin D 
deficiency before interpreting PTH levels is essential to avoid 
diagnostic misclassification.

Strengths and limitations

The strengths of our study include its large sample size, rep-
resentation of both genders, and use of detailed electronic 
health records to assess biochemical parameters and clinical 
outcomes over a 5-year period. However, several limitations 
merit consideration. First, as a retrospective study, the findings 
are dependent on the completeness and accuracy of medical 

records, and causal relationships cannot be definitively estab-
lished. As a retrospective study, findings depend on the com-
pleteness and accuracy of medical records, and causal relation-
ships cannot be established. Second, the single-center design 
may limit generalizability to other settings, though our center’s 
tertiary status and large catchment area provide some external 
validity. Third, not all patients with hypercalcemia underwent 
PTH testing, and the decision to test may have been influenced 
by unmeasured clinical judgments or comorbidities, introduc-
ing potential selection bias. Finally, detailed information on 
patients’ underlying illnesses and concurrent medications was 
not systematically collected, which may have influenced bio-
chemical results and PHPT evaluation, and this represents an 
additional limitation of the study. Additionally, data on bone 
density, urinary biochemical profiles, and prevalent fractures 
were not available, limiting our ability to assess skeletal com-
plications associated with PHPT.

Despite these limitations, the findings have important 
clinical implications. They underscore the need for heightened 
clinician awareness and standardized protocols for evaluating 
PHPT in patients with nephrolithiasis, particularly those with 
hypercalcemia or recurrent stones. Implementation of clinical 
decision support tools and educational interventions may help 
bridge this gap in care. Furthermore, targeted screening and 
timely referral to endocrinology can enable early surgical in-
tervention and reduce long-term morbidity.

Conclusions

In conclusion, this study highlights a significant under-
screening and under-referral of patients with nephrolithiasis 
for PHPT, particularly among males. Despite known associa-
tions between PHPT and kidney stones, the condition remains 
under-recognized in clinical practice. Gender differences in 
stone characteristics, biochemical profiles, and referral rates 
were evident, with females receiving more thorough evalua-
tion and follow-up. These findings call for improved guideline 
adherence, clinician education, and systematic screening pro-
tocols to ensure optimal detection and management of PHPT 
in stone-forming patients.
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