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Abstract

Context: Kidney complications may be considerably higher in patients with chronic hypoparathyroidism (hypoPT) treated with activated vitamin
D and calcium supplementation.

Objective: \We aimed to investigate the risk of chronic kidney disease (CKD), urolithiasis, and hospitalization in patients with chronic hypoPT.

Methods: In this population-based cohort study in Sweden, national registries (Swedish National Patient Register, Swedish Prescribed Drug
Register, and Total Population Register, 1997-2018) were used to identify patients with chronic hypoPT and controls matched by sex, age, and
county of residence. We determined time to CKD and urolithiasis diagnosis, and incidence rates of hospitalization.

Results: A total of 1562 patients with chronic hypoPT without preexisting CKD and 15 620 controls were included. The risk of developing CKD
was higher in patients with chronic hypoPT compared with controls (hazard ratio [HR] 4.45; 95% Cl, 3.66-5.41). In people without prior urolith-
iasis (n = 1810 chronic hypoPT and n = 18 100 controls), the risk of developing urolithiasis was higher in patients with chronic hypoPT (HR 3.55;
95% Cl, 2.84-4.44) compared with controls. Patients with chronic hypoPT had higher incidence rates for all-cause hospitalization (49.59; 95%
Cl, 48.50-50.70, per 100 person-years vs 28.43; 95% Cl, 28.15-28.71, respectively) and for CKD (3.46; 95% Cl, 3.18-3.76, per 100 person-years

vs 0.72; 95% Cl, 0.68-0.77, respectively), compared with controls. Men with hypoPT appear to have a higher risk of CKD than women.

Conclusion: Patients with chronic hypoPT had an increased risk of CKD, urolithiasis, and hospitalization compared with controls.
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Abbreviations: CKD, chronic kidney disease; HR, hazard ratio; hypoPT, hypoparathyroidism; IQR, interquartile range; PTH, parathyroid hormone.

Parathyroid hormone (PTH) plays a central role in mineral
homeostasis by stimulating the reabsorption of calcium in
the kidney and increasing renal phosphate excretion (1). It
also stimulates renal conversion of 25-hydroxyvitamin D
to 1,25-dihydroxyvitamin D, a hormone that enhances ab-
sorption of calcium and phosphate from the gastrointes-
tinal tract (2). PTH increases bone turnover and, therefore,
the release of calcium and phosphate into the circulation.
Hypoparathyroidism (hypoPT) is a rare endocrine disease
characterized by hypocalcemia and undetectable or inappro-
priately low levels of PTH (3). The estimated prevalence of
chronic hypoPT varies between 5.3 and 37 per 100 000 in
the United States and Europe (4-7). Anterior neck surgery is
the most common cause of acquired chronic hypoPT and is

responsible for approximately 75% of cases. Other causes are
autoimmune, idiopathic, and genetic disorders and, even more
rare, infiltrative disorders, such as metastatic disease or iron
overload in the parathyroid glands (8). The primary biochem-
ical abnormalities resulting from PTH deficiency are hypo-
calcemia, hyperphosphatemia, and increased urinary calcium
loss (3). Conventional therapy for chronic hypoPT includes
active vitamin D and calcium supplementation. Thiazide di-
uretics are used in patients with marked hypercalciuria to-
gether with magnesium and potassium supplementation, as
needed. Conventional therapy can correct the hypocalcemia
associated with hypoPT, but it does not replace other func-
tions of PTH and can lead to or worsen hypercalciuria (9, 10).
Conversely, conventional therapy can cause hypercalcemia,
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hypercalciuria, and increased calcium-phosphorus products,
which might increase the risk of urolithiasis, nephrocalcinosis,
and chronic kidney disease (CKD) (8, 10-12).

Current evidence on long-term risks of CKD and uro-
lithiasis in patients with chronic hypoPT is still limited.
Previous studies are mainly restricted to either postsurgical
or nonsurgical cases and often based on small sample sizes.
Therefore, there is a need for larger studies on kidney compli-
cations in this rare disease. By merging data from population-
based registries in Sweden, we identified a large cohort of
patients with chronic hypoPT on conventional treatment and
assessed the risk of kidney complications and hospitalization
compared to matched controls.

Methods

The Registries

Since 1947, all Swedish residents are given a unique national
registration number, enabling linking of data between national
population registries. The Swedish Total Population Register
covers demographic information on the Swedish population
(13). The Swedish National Patient Register includes in-
patient records since 1964 and outpatient records since 2001.
It contains information on personal identity number, age, sex,
dates of hospital admission and discharge, as well as codes for
all surgical procedures and discharge diagnoses. It is manda-
tory for all health-care providers to report to the register (14).
The Swedish Prescribed Drug Register started in July 2005
and covers information on all drugs dispensed by prescrip-
tion in Sweden, regardless of reimbursement status. It does
not include drugs bought over the counter or treatment re-
ceived when hospitalized. The Prescribed Drug Register uses
the Anatomical Therapeutic Chemical (ATC) classification
system (15). In general, only a 3-month supply of a drug treat-
ment can be dispensed at a time and a prescription is valid for
12 months, after which patients need a renewal.

Identification of Patients With Chronic
Hypoparathyroidism

From the National Patient Register, we identified all pa-
tients with a diagnosis of hypoparathyroidism (ICD-10,
E20.0, E20.2-9), postsurgical hypoparathyroidism (ICD-10
E89.2), DiGeorge syndrome (ICD-10 D82.1), or autoimmune
polyendocrine syndrome (ICD-10 E31.0) between 1997 and
2018. Some patients develop transient hypoPT after an-
terior neck surgery and most of these cases resolve within 6
to 12 months of surgery (16). To further increase the diag-
nostic accuracy of chronic hypoPT and make sure that we did
not include patients with transient hypoPT or patients with
DiGeorge syndrome without hypoPT, we linked our data to the
Prescribed Drug Register. Patients with a diagnosis of hypoPT
before 2005 had to have at least 2 dispensations of active
vitamin D (dihydrotachysterol, ATC A11CC02; alfacalcidol,
ATC A11CCO03; calcitriol, ATC A11CC04), with or without
calcium, the first year after the start of the Prescribed Drug
Register, thus between 2005 and 2006. We included patients
who were reported to the National Patient Register in 2005 or
later only if they had at least 2 dispensations of active vitamin
D, with or without calcium, 13 to 24 months after first entry
in the National Patient Register with the hypoPT diagnosis.
We excluded patients with hypoPT if they had less than 2
dispensations of active vitamin D the last year of follow-up.
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Thus, only patients with corresponding ICD codes that ful-
filled the dispensation criteria were included in this study. To
date, PTH analogs are rarely used in the treatment of chronic
hypoPT in Sweden. The ATC code HOSAA was used to assess
the use of PTH analogues in patients with chronic hypoPT
and controls.

The validation of similar diagnostic criteria to identify pa-
tients in Sweden with chronic hypoPT through medical chart
review in a subset of patients has been described earlier (17).
In the validation study, patients were included if they had a
diagnosis correspondent of hypoPT reported to the National
Patient Register and had received 3 or more dispensations of
conventional treatment during the first year after diagnosis
or had 2 dispensations per year in 2 consecutive years. The
positive predictive value of correct diagnosis was 91% in 120
randomly selected cases.

For each patient with an ICD code corresponding to hypoPT
and fulfilling the dispensation criteria, we matched 10 controls
by sex, birth year, and county of residence, through the Total
Population Register. The study entry for cases with chronic
hypoPT was the date when the first ICD code of hypoPT was
reported to the National Patient Register. The study entry for
the matched controls started when the corresponding case
was first reported to the National Patient Register with an
ICD code of chronic hypoPT. End of follow-up for both cases
and controls was December 31, 2018, or the date of last ac-
tivity in the registries.

Exclusion of Patients With Prior Kidney Disease or
Urolithiasis

In the analysis of CKD, we excluded the set of patient and
matched controls if either the patient or one of the controls
had a diagnosis in the National Patient Register indicating
preexisting CKD, before or within 12 months after study
entry, using the following ICD-10 codes of CKD: E10.2: Type
1 diabetes mellitus with kidney complications; E11.2: Type 2
diabetes mellitus with kidney complications; [12.0 and 112.9:
Hypertensive chronic kidney disease; N00-08: Glomerular
diseases; N10-16: Renal tubulo-interstitial diseases (except
N10.9, Acute tubulo-interstitial nephritis); N18-19: Chronic
Kidney Disease and Unspecified kidney failure; N25-29:
Other disorders of kidney and ureter; and Q61: Cystic kidney
disease. Likewise, in the analysis of urolithiasis, we excluded
the set of patient and matched controls if either the patient
or the control had the ICD-10 codes N20-23, Urolithiasis, at
baseline or within 1 year from study entry (Figure S1 (18)).

Outcomes and Covariates of Interest

The primary outcomes were CKD of any cause and urolith-
iasis occurring at least 12 months after the date of inclusion.
In the analysis of CKD, we used a composite measure, defined
as having one of the ICD codes of CKD as defined above.
We did not use Q61: Cystic kidney disease, as an outcome
since it is an inherited disorder rather than a potential com-
plication to chronic hypoPT. For urolithiasis, we used the
ICD-10 codes N20-23. Analyses were performed for all cases
and separately for postsurgical and nonsurgical cases and by
sex. In a sensitivity analysis, the time from inclusion to the
first event of either outcome was increased from 12 months
to 3, 5, and 7 years. Comorbidities at the time of inclusion
were identified using ICD codes (19), and included a history
of myocardial infarction, congestive heart failure, peripheral
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vascular disease, cerebrovascular disease, chronic pulmonary
disease, diabetes, and hypertension (definitions are listed in

Table S1 (18)).

Statistical Analyses

Categorical variables were summarized using frequency and
percentage. Continuous variables were summarized using
mean and SD or median and interquartile range (IQR) as ap-
propriate. Rates of hospitalization for all causes and due to
chronic kidney disease or urolithiasis during follow-up were
summarized as event counts per 100 person-years of follow-up
and presented with the associated Poisson 95% confidence
intervals. Analysis of time-to-event outcome predictors in the
matched sample were analyzed using a marginal Cox model.
Analysis of time to outcome predictors in the chronic hypoPT
subgroup were analyzed using a Cox proportional hazards
regression. Hazard proportionality was assessed via analysis
of scaled Schoenfeld residuals. Comparative time-to-event
was visualized using Kaplan-Meier plots. For all analyses,
P <0.05 was considered significant. All analyses were con-
ducted using Stata version 16.1 (StataCorp, College Station,
Texas) and R version 4.0.5 (R Foundation for Statistical
Computing, Vienna, Austria).

Results

Patient Characteristics

In total, we identified 1982 patients with chronic hypoPT and
19 820 matched controls during the period 1997 to 2018.
After excluding the set of patients with chronic hypoPT and
controls with preexisting CKD, the remaining 1562 patients
with chronic hypoPT and 15 620 controls were included in
the analyses of the development of CKD. Of these, mean age
at inclusion was 53 (x 19) years, and among the patients,
73% were postsurgical (Table 1). Mean follow-up time was
9.8 (+ 6.0) years among people with chronic hypoPT and
10.2 (= 6.0) years among controls; median number of out-
patient visits per year was 3.5 (IQR, 2.0-6.2) for patients with
chronic hypoPT, compared with 1.3 (IQR, 0.7-2.6) for con-
trols. In all, 12 (0.7%) patients with chronic hypoPT and 13
(0.07%) controls had at least one recorded dispensation of
PTH analogues during follow-up.

Further, after excluding patients with chronic hypoPT and
controls with preexisting urolithiasis from the overall cohort
of 1982 patients and 19 820 controls, the remaining 1810
patients with chronic hypoPT and 18 100 controls were in-
cluded in the analyses of the development of urolithiasis.
Mean age at inclusion was 54 (+ 20) years, and among the pa-
tients, 72% were postsurgical (Table 1). Mean follow-up time
was 9.3 (x 6.0) years among people with chronic hypoPT
and 9.8 (+ 6.0) years among controls; median number of out-
patient visits per year was 3.5 (IQR, 2.0-6.1) for patients with
chronic hypoPT, compared with 1.4 (0.7-2.7) for controls. In
all, 11 (0.7%) patients with chronic hypoPT and 11 (0.07%)
controls had at least one recorded dispensation of PTH ana-
logues during follow-up.

The Risk of Chronic Kidney Disease

During follow-up, a total of 136 (8.7%) patients with hypoPT
developed CKD, compared with 309 (2.0%) among the con-
trols (Table S2 (18)). The risk of developing de novo CKD
was higher in patients with chronic hypoPT compared with
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controls (unadjusted hazard ratio [HR] 4.45; 95% ClI, 3.66-
5.41, Table 2). The unadjusted HR was 4.11 (95% CI, 3.29-
5.17) for postsurgical patients (n = 1133, Fig. 1) and 5.74
(95% CI, 3.99-8.27) for nonsurgical patients (n = 429, Figure
S2 (18)) with chronic hypoPT compared to controls. There
was no difference in the risk of CKD between postsurgical
and nonsurgical chronic hypoPT patients (P = 0.98). In a sen-
sitivity analysis, we increased the time from inclusion to first
event of CKD from 12 months to 3, 5, or 7 years. Patients
with chronic hypoPT remained at similar increased risk com-
pared with controls even if the time from inclusion increased
(Table S3 (18)). When restricting to events 5 years after inclu-
sion, the unadjusted HR for CKD was 4.09 (95% CI, 3.23-
5.19) comparing patients with chronic hypoPT to controls.
After adjustment for comorbidities, the results were attenu-
ated but significant; the adjusted HR for CKD was 3.55 (95%
Cl, 2.77-4.54) comparing patients with chronic hypoPT to
controls and when restricting to events 5 years after inclusion

(Table S3 (18)).

The Risk of Urolithiasis

During follow-up, 108 (6.0%) of all patients developed uro-
lithiasis, compared with 229 (1.3%) among the controls.
A minority (12 cases among patients with hypoPT and 42
among controls) were lower tract calculi. Thus, most pa-
tients developed nephrolithiasis. The risk of developing de
novo urolithiasis was higher in patients with chronic hypoPT,
compared with controls (unadjusted HR 3.55; 95% CI,
2.84-4.44, Table 3). The differences of proportion of pa-
tients without urolithiasis over the follow-up period is shown
in Figure S3 (18). Compared with controls, the risk of uro-
lithiasis was higher in both the postsurgical (unadjusted HR
3.61; 95% CI, 2.79-4.67) and the nonsurgical subpopulation
(unadjusted HR 3.39; 95% CI, 2.17-5.28). There was no dif-
ference in the risk of urolithiasis between postsurgical and
nonsurgical patients (P = 0.69). Patients with chronic hypoPT
remained at increased risk for urolithiasis compared with
controls even when we increased the time to first event (Table
S3 (18)). When restricting to events 5 years after inclusion, the
adjusted HR for urolithiasis was 3.23 (95% CI, 2.51-4.16) in
patients with chronic hypoPT compared with controls. The
results were similar after adjustment for comorbidities (Table

$3 (18)).

Hospitalization for Chronic Kidney Disease or
Urolithiasis

The risk of hospitalization due to CKD was higher (un-
adjusted HR 3.49; 95% CI, 2.84-4.30) in patients with
chronic hypoPT (n =1562), compared with controls (Table
2). The risk was similar in the postsurgical (unadjusted HR
3.34; 95% CI, 2.64-4.23) and the nonsurgical subpopulation
(unadjusted HR 3.96; 95% CI, 2.76-5.68). The risk of hos-
pitalization due to urolithiasis for patients with chronic
hypoPT was increased (unadjusted HR 3.64; 95% CI, 2.95-
4.48), compared with controls (Table 3). Moreover, the risk
was similar in the postsurgical (unadjusted HR 3.51; 95% ClI,
2.78-4.44) and nonsurgical subpopulation (unadjusted HR
4.06; 95% CI, 2.82-5.84). There were no differences in the
risk of hospitalization due to CKD or urolithiasis between pa-
tients with postsurgical and nonsurgical hypoPT (unadjusted
HR 0.97; 95% CI, 0.66-1.45 and unadjusted HR 1.08; 95%
CI, 0.73-1.62, respectively).
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Table 1. Baseline characteristics of patients with chronic hypoparathyroidism and matched controls in Sweden between 1997 and 2018, without
preexisting chronic kidney disease or urolithiasis

Characteristics Without preexisting CKD Without preexisting urolithiasis

Chronic hypoparathyroidism  Controls Chronic hypoparathyroidism  Controls

No. of patients 1,562 15,620 1,810 18,100
Age, years, mean (SD) 53.3(19.1) 53.3(19.1)  53.5(19.6) 53.5(19.6)
Sex
Women 1,211 (77.5) 12,110 1,400 (77.4) 14,000 (77.4)
(77.5)

Men 351 (22.5) 3,510 (22.5) 410 (22.6) 4,100 (22.6)
Follow-up time, years (Mean, SD) 9.8 (6.0) 10.2 (6.0) 9.3 (6.0) 9.8 (6.0)
Follow-up time, years, median (IQR) 9.1 (4.6-15.2) 9.8 8.6 (4.1-14.5) 9.1 (4.5-15.3)

(5.0-15.9)
Outpatient visits per year 3.5 [2.0-6.2] 1.3 [0.7-2.6] 3.5[2.0-6.1] 1.4 [0.7-2.7]
Etiology

Postsurgical hypoparathyroidism 1,133 (72.5) N/A 1,300 (71.8) N/A

DiGeorge syndrome 0 (0.6) N/A 1(1.2) N/A

Autoimmune polyendocrine syndrome 7 (0.4) N/A 8 (1.0) N/A

Idiopathic hypoparathyroidism 190 (12.2) N/A 219 (12.1) N/A

Other or unspecified hypoparathyroidism 222 (14.2) N/A 252 (13.9) N/A
Dispensations of active vitamin D per year® 2 (4.0-10.4) N/A 1(4.1-10.3) N/A
Dispensations of calcium supplementation 3(1.1-6.6) N/A 4 (1.1-6.4) N/A

per year
Comorbidities

Diabetes 120 (7.7) 505 (3.2) 139 (7.7) 639 (3.5)

Hypertension 305 (19.5) 1,157 (7.4) 373 (20.6) 1,485 (8.2)

Myocardial infarction 38 (2.4) 242 (1.6) 49 (2.7) 311 (1.7)

Congestive heart failure 65 (4.2) 270 (1.7) 87 (4.8) 349 (1.9)

Peripheral vascular disease 25(1.6) 132 (0.9) 33(1.8) 177 (1.0)

Cerebrovascular disease 69 (4.4) 401 (2.6) 90 (5.0) 540 (3.0)

Chronic pulmonary disease 105 (6.7) 508 (3.3) 136 (7.5) 645 (3.6)

Values for continuous data are mean = SD or median [IQR] and count (%) for categorical data. ICD codes of etiology: Postsurgical hypoparathyroidism
(E89.2), DiGeorge syndrome (D82.1), Autoimmune polyendocrine syndrome (E31.0), Idiopathic hypoparathyroidism (E20.0), Other or unspecified
hypoparathyroidism (E20.2-9). Abbreviations: CKD, chronic kidney disease; IQR, interquartile range; N/A, not applicable.

 Dispensation of any of the ATC codes A11CC02, A11CC03, A11CCO04.

Table 2. The risk of chronic kidney disease and hospitalization in patients with chronic hypoparathyroidism, compared with matched controls

Chronic kidney disease Hospitalization for chronic kidney disease

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Chronic hypoparathyroidism 4.45 (3.66-5.41) <0.001 3.49 (2.84-4.30) <0.001
Postsurgical 4.11 (3.29-5.17) <0.001 3.34 (2.64-4.23) <0.001
Nonsurgical 5.74 (3.99-8.27) <0.001 3.96 (2.76-5.68) <0.001
Adjusted hazard ratio (95% CI) P value Adjusted hazard ratio (95% CI) P value

Chronic hypoparathyroidism 3.64 (2.96-4.49) <0.001 2.68 (2.16-3.31) <0.001
Postsurgical 3.40 (2.68-4.32) <0.001 2.65 (2.06-3.39) <0.001
Nonsurgical 4.96 (3.33-7.39) <0.001 2.96 (1.98-4.44) <0.001

Time-to-event analysis with Cox proportional hazards regression, using the first record of an ICD code corresponding of chronic kidney disease or
hospitalization with chronic kidney disease as primary diagnosis. Adjusted for myocardial infarction, congestive heart failure, peripheral vascular disease,
cerebrovascular disease, chronic pulmonary disease, diabetes, and hypertension.

person-years, respectively) (Table 4). Additionally, incidence
rates for hospitalization due to CKD was higher in patients
with chronic hypoPT compared with controls (3.5; 95%
CI, 3.2-3.8, per 100 person-years vs 0.7; 95% CI, 0.7-0.8,

Incidence rates for all-cause hospitalization among patients
without preexisting CKD was higher in patients with chronic
hypoPT compared with controls (49.6; 95% CI, 48.5-50.7,
per 100 person-years vs 28.4; 95% CI, 28.2-28.7, per 100
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per 100 person-years, respectively). Among patients without
preexisting urolithiasis, patients with chronic hypoPT had a
higher incidence rate for all-cause hospitalization (47.8; 95%
ClI, 46.6-48.9, per 100 person-years) compared with controls
(27.3; 95% CI, 27.0-27.6, per 100 person-years). Moreover,
patients with chronic hypoPT had higher incidence rates for
hospitalization due to urolithiasis, compared with controls.

Risk Factors for Chronic Kidney Disease and
Urolithiasis

Risk factors for CKD and urolithiasis in patients with chronic
hypoPT are presented in Table 5. Compared to women, men
with chronic hypoPT had a higher risk for CKD (HR 2.12;
95% CI, 1.51-3.02) and urolithiasis (HR 1.90; 95% CI, 1.23-
2.93). Other risk factors for CKD included congestive heart
failure (HR 10.04; 95% CI, 6.00-16.81), diabetes (HR 4.08;
95% CI, 2.63-6.32) and hypertension (HR 2.59; 95% CI,
1.78-3.78). None of the evaluated comorbidities were associ-
ated with an increased risk for urolithiasis.

Comparing Men and Women With
Hypoparathyroidism

The majority of included patients were women (77.5% in the
CKD cohort and 77.4% in the urolithiasis cohort, Table 1).

1.00

0.75

0.50

0.25

Proportion patients without CKD

0.00

T T T T T T T T T T T T T T T T
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Years from baseline

HypoPT

| ——— Controls

Figure 1. Proportion of individuals without chronic kidney disease
in patients with postsurgical chronic hypoparathyroidism (n = 1133)
compared with matched controls (n = 11 330).
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More men than women with chronic hypoPT developed CKD
during follow-up (Fig. 2). Men with postsurgical chronic
hypoPT had an increased risk of CKD (unadjusted HR 1.75;
95% ClI, 1.37-2.22), compared with women. The same was
found in the nonsurgical subpopulation, where men also
had an increased risk of CKD (unadjusted HR 2.63; 95%
CL, 1.67-4.17), compared to women. Further, the risk of uro-
lithiasis was higher in men in both postsurgical (unadjusted
HR 2.65; 95% CI, 2.04-3.23) and nonsurgical patients
(unadjusted HR 2.27; 95% CI, 1.49-3.45), compared with
women. Moreover, men had a higher risk of hospitalization
due to urolithiasis, both in patients with postsurgical hypoPT
(unadjusted HR 2.17; 95% CI, 1.61-2.94) and nonsurgical
hypoPT (unadjusted HR 2.04; 95% CI, 1.30-3.23). Men also
had a higher risk of hospitalization due to CKD compared
with women, both in patients with postsurgical (unadjusted
HR 2.04; 95% CI, 1.52-2.78) and nonsurgical chronic
hypoPT (unadjusted HR 2.04; 95% CI, 1.32-3.23).

Discussion

Using high-quality population registries in Sweden and strict
inclusion criteria by combining diagnostic codes and drug dis-
pensation, we identified almost 2000 patients with chronic
hypoPT between 1997 and 2018. Patients with chronic
hypoPT are at more than 4 times higher risk of developing
de novo CKD and almost 4 times higher of developing uro-
lithiasis, compared with controls. Additionally, we found that
patients with chronic hypoPT had a higher incidence rate
of hospitalization due to any cause, CKD, and urolithiasis.
Finally, our results indicate that men compared to women
with chronic hypoPT are at even higher risk of CKD, urolith-
iasis, and hospitalization due to these conditions.

Conventional treatment for chronic hypoPT corrects
hypocalcemia by increasing the intestinal calcium absorp-
tion but does not affect the renal calcium reabsorption and
urinary phosphate excretion (20). Thus, it is hypothesized
that both the use of conventional treatment with active
vitamin D and calcium supplements and the absence of
stimulatory effect of PTH on the reabsorption of calcium
in the renal tubules in patients with chronic hypoPT in-
crease the risk of developing kidney complications (21).
In our study, a small number of individuals in the control
group received PTH analogues, which probably corres-
ponds to osteoporosis treatment.

Table 3. The risk of urolithiasis and hospitalization in patients with chronic hypoparathyroidism, compared to matched controls

Urolithiasis Hospitalization for urolithiasis
Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
Chronic hypoparathyroidism 3.55 (2.84-4.44) <0.001 3.64 (2.95-4.48) <0.001
Postsurgical 3.61(2.79-4.67) <0.001 3.51 (2.78-4.44) <0.001
Nonsurgical 3.39 (2.17-5.28) <0.001 4.06 (2.82-5.84) <0.001
Adjusted hazard ratio (95% CI) P value Adjusted hazard ratio (95% CI) P value
Chronic hypoparathyroidism 3.27 (2.54-4.20) <0.001 3.94 (2.72-5.71) <0.001
Postsurgical 3.27 (2.44-4.40) <0.001 3.45(2.21-5.39) <0.001
Nonsurgical 3.21 (1.97-5.22) <0.001 5.93 (3.03-11.61) <0.001

Time-to-event analysis with Cox proportional hazards regression, using the first record of an ICD code corresponding of urolithiasis or hospitalization with
urolithiasis as primary diagnosis. Adjusted for myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, chronic

pulmonary disease, diabetes, and hypertension.
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Table 4. Rates of hospitalization for all causes and due to chronic kidney disease or urolithiasis during follow-up
Incidence rates for hospitalization per 100 person-years (95% CI)
Hypoparathyroidism Controls P value

Cohort on chronic kidney disease

All causes 49.59 (48.50-50.70) 28.43 (28.15-28.71) <0.001

Chronic kidney disease 3.46 (3.18-3.76) 0.72 (0.68-0.77) <0.001
Cohort on urolithiasis

All causes 47.77 (46.64-48.92) 27.33 (27.04-27.62) <0.001

Urolithiasis 0.76 (0.62-0.91) 0.14 (0.12-0.16) <0.001
Table 5. Risk factors for chronic kidney disease and urolithiasis in patients with chronic hypoparathyroidism
Characteristics Without preexisting CKD Without preexisting urolithiasis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age, years 1.04 (1.03-1.05) <0.001 1.00 (0.99-1.01) 0.871
Sex

Women Reference Reference

Men 2.14 (1.51-3.02) <0.001 1.90 (1.23-2.93) 0.004
Comorbidities

Diabetes 4.08 (2.63-6.32) <0.001 1.07 (0.47-2.46) 0.870

Hypertension 2.59 (1.78-3.78) <0.001 1.12 (0.64-1.95) 0.702

Myocardial infarction 5.27 (2.67-10.41) <0.001 1.32 (0.32-5.38) 0.698

Congestive heart failure 10.04 (6.00-16.81) <0.001 1.41 (0.44-4.50) 0.557

Peripheral vascular disease 6.03 (2.45-14.84) <0.001 2.49 (0.61-10.16) 0.203

Cerebrovascular disease 3.80 (2.04-7.08) <0.001 1.60 (0.58-4.38) 0.360

Chronic pulmonary disease 1.44 (0.70-2.96) 0.319 2.01 (0.97-4.17) 0.062

Abbreviation: CKD, chronic kidney disease.

Several studies have shown an increased risk of CKD in pa-
tients with chronic hypoPT (21). A Danish population-based
study by Underbjerg et al, one of the largest studies, including
688 postsurgical patients with chronic hypoPT, showed an
almost 5-fold increased risk of urolithiasis and CKD (22).
The same research group also assessed the risk of urolithiasis
and CKD in individuals with nonsurgical hypoPT. Again, the
risk of CKD compared to matched controls was increased, al-
though they did not find a significantly increased risk of uro-
lithiasis (23). This can be compared to the results of our study,
showing a 3- to 4-fold increased risk of CKD and urolithiasis
in both postsurgical and nonsurgical chronic hypoPT. More
recently, Gosmanova et al, identified more than 8000 patients
with chronic hypoPT on conventional treatment and showed
an increased risk of incident CKD (HR 2.91; 95% ClI, 2.61-
3.25), progression of CKD stage and progression to end-stage
kidney disease compared to persons without hypoPT during
a S-year follow-up (24). Bergenfelz et al showed an almost
5-fold increased risk of CKD in patients with postsurgical
hypoPT in Sweden who underwent total thyroidectomy, com-
pared with patients who underwent total thyroidectomy but
did not develop postsurgical hypoPT (25). Our study shows an
increased risk of CKD in hypoPT that is similar to other large
studies. Our study distinguishes itself from several others by
including both postsurgical and nonsurgical cases, and also
by having a longer follow-up time. In contrast to Underbjerg
et al, our data also indicate a significantly increased risk of

urolithiasis in patients with nonsurgical hypoPT (23). This
difference could be explained by our better statistical power,
since our cohort is almost 3 times as large. Indeed, patients
with nonsurgical chronic hypoPT have previously been re-
ported to have an increased risk of nephrolithiasis and CKD
(26).

What causes CKD in patients with hypoPT? Previous studies
in patients with chronic hypoPT have linked elevated serum
calcium concentration and increased calcium-phosphate
product level with increased risk of CKD (11, 27, 28). A re-
cent study showed that hypercalciuria and renal calcification
did not fully explain the increased risk of renal insufficiency
in patient with chronic hypoPT (29). The role of serum phos-
phate in the risk for urolithiasis or CKD is not well under-
stood. Studies in the general population have reported that
high serum phosphate was associated with harmful effects on
renal function (30) and impairment of microvascular func-
tion in individuals with normal renal function (31). Likewise,
it is unclear whether the lack of PTH per se has any role in
CKD development. In rodents, the renal vasculature is sensi-
tive to vasodilation by PTH (32), and PTH has been shown
to exert a relaxant effect on vascular smooth muscles cells
that could be a potent modulator of renal hemodynamics and
glomerular filtration rate (33).

Little is known about the rate of hospitalization due
to CKD or urolithiasis in patients with chronic hypoPT.
Underbjerg et al (22) reported a more than 3-fold higher risk
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Figure 2. Proportion of individuals without chronic kidney disease
among men and women with chronic hypoparathyroidism.

of hospitalization for renal insufficiency or nephrolithiasis in
patients with postsurgical hypoPT, compared with matched
controls. Our results are similar, suggesting approximately
3 to 4 times higher risk of hospitalization with CKD or
urolithiasis in both postsurgical and nonsurgical patients.
Furthermore, we found that patients with chronic hypoPT
had a higher incidence rate of hospitalization due to any
cause, CKD, and urolithiasis. In a risk factor analysis in pa-
tients with chronic hypoPT, we found that comorbidities such
as cardiovascular disease, diabetes, and hypertension were as-
sociated with an increased risk of CKD. This is in agreement
with previous findings (34, 35).

We found that men compared to women with chronic
hypoPT had a higher risk of urolithiasis, CKD, and hospital-
ization. Although women are more prevalent in the general
CKD population (36), men are more likely to develop to more
advanced CKD stages (37, 38). Also, CKD awareness is lower
in women (39) and some findings indicate that the use of
diagnostic codes for CKD is higher in men (40). These factors
might contribute to the higher risk of CKD found in men in
our study. Furthermore, urolithiasis is more common among
men in the general population (41), which could also trans-
late into a higher risk for men with chronic hypoPT.

The strengths of this study include the use of high-quality
nationally representative registries and data linkage to com-
bine ICD codes with drugs dispensed on prescription to
identify patients with chronic hypoPT. Although misclassi-
fication of disease is a common limitation in observational
studies, we previously validated the concordance between
ICD-10 codes and clinical diagnosis of hypoPT. In the val-
idation study, we found a positive predictive value of 91%
using a similar method to find cases from the registries as de-
scribed above (17). Another strength of this study is the large
number of patients with chronic hypoPT included, given the
rarity of the disease. The classification of CKD based on es-
timated glomerular filtration rate (eGFR) was first presented
in global guidelines in 2005. Before that, clinical praxis was
to use renal-specific diagnoses. Since both stage-specific and
renal-specific codes are used clinically, we defined the ICD-
10 codes of both stage-specific and renal-specific diagnoses
to measure CKD.

Our study has limitations. We did not include biochemical
data on kidney function, such as eGFR. Our study might have

The Journal of Clinical Endocrinology & Metabolism, 2022, Vol. 107, No. 10

missed patients with chronic hypoPT if they did not have the
diagnostic codes. We did not exclude incident patients with
chronic hypoPT who might have develop CKD or urolithiasis
before they were diagnosed with hypoPT but lacked a corres-
ponding diagnostic code. However, this is unlikely to change
our findings; when we increased the time from inclusion to
the first outcome event to 3, 5, and 7 years in a sensitivity ana-
lysis, we found that the risk of CKD and urolithiasis remained
increased compared to the controls. Further, we do not have
data on vitamin D dosages or calcium load, thus are not able
to assess whether prescriptions follow regional guidelines or
if a dose-response relationship exists.

In summary, our findings suggest that patients with chronic
hypoPT on conventional treatment in Sweden have an in-
creased risk of CKD, urolithiasis, and hospitalization, com-
pared with controls. The risk for men appears to be even
higher than for women. This should raise awareness among
treating physicians to monitor for modifiable risk factors for
CKD and kidney stones.
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