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a b s t r a c t 

Objectives: To examine temporal changes in the incidence of hospital-diagnosed acute pyelonephritis (APN) and 

characterize associated demographics. 

Methods: Cohort study including Danish patients with hospital-diagnosed APN during 2000-2018, identified by 

International Classification of Diseases, 10 th Revision codes. Annual sex- and age-standardized incidence rates per 

10,000 person years with 95% confidence intervals (CIs) were stratified by sex, age group, diagnosis code, and 

region of residence. Incidence rates for selected urinary tract infections and sepsis diagnoses were also computed. 

Results: We included 66,937 hospital-diagnosed APN episodes in 57,162 patients. From 2000 to 2018, the inci- 

dence increased from 6.8 (95% CI: 6.8-6.8) to 15.4 (95% CI: 15.4-15.4) in women and from 2.7 (95% CI: 2.7-2.7) 

to 4.5 (95% CI: 4.5-4.5) in men. Among infants, the rate rose from 7.4 (95% CI: 7.4-7.4) to 64.8 (95% CI: 64.7- 

64.9) in girls and from 17.1 (95% CI: 17.1-17.2) to 52.5 (95% CI: 52.4-52.6) in boys. Concomitant declines were 

observed in incidences of hospital-diagnosed unspecified urinary tract infections and sepsis. 

Conclusion: The APN incidence roughly doubled during 2000-2018. The increase was largely driven by a promi- 

nently increasing incidence among young children which was not explained by the enlarging prevalence of con- 

genital anomalies of the kidney and urinary tract. 
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Acute pyelonephritis (APN) is a severe infection of the upper uri-

ary tract and kidney parenchyma, which may lead to sepsis, acute kid-

ey injury, kidney scarring, chronic kidney disease, and death [1–6] .

ew population-based studies have described APN incidence over time

cross all age groups [7–9] . Thus, most prior studies have been confined

o subgroups, small samples, single-center settings, or a cross-sectional

esign. Consequently, APN incidence estimates diverge greatly in the

xisting literature [7–11] . 

While the majority of patients with APN are treated in primary care

r in an outpatient setting, the most severe cases, comprising an esti-

ated 20%, require hospitalization [5 , 7 , 8] . Modern treatment regimens

avor discharge-based strategies including home treatment of selected

atients after initial care in the emergency department (ED), thereby

voiding regular inpatient admission [5 , 12] . Yet, numerous other time-

arying factors can lead to increasing admission rates. Firstly, changes in

emography, lifestyle, medical and surgical treatments may contribute
∗ Corresponding author: Tel.: + 45 8716 7212. 

E-mail address: lisskg@clin.au.dk (L.S. Svingel) . 

s

ttps://doi.org/10.1016/j.ijregi.2023.10.003 

eceived 1 May 2023; Received in revised form 5 October 2023; Accepted 9 October

772-7076/© 2023 The Authors. Published by Elsevier Ltd on behalf of Internationa

Y-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
y enlarging the proportion of the population living with risk factors

or APN such as chronic diseases and foreign bodies in the urinary tract

5 , 7] . Secondly, the last decade’s rising prevalence of antimicrobial re-

istance in uropathogens carries the risk of complicating urinary tract

nfections (UTIs) [13–17] . Thirdly, advances in diagnostic technologies,

.g., ultrasound-guided bladder puncture for retrieving urine samples,

ay promote diagnostic accuracy [18] . 

Thus, up-to-date epidemiological data describing the APN incidence

n all age groups are warranted. We therefore examined temporal

hanges in the APN incidence rate in Denmark and characterized the

ssociated demographics. 

ethods 

esign and setting 

We conducted this descriptive, population-based cohort study in

enmark from 2000-2018. The Danish healthcare system provides tax-

upported health care for all residents [19] . 
 2023 
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ariables and data sources 

We used the Danish National Patient Registry (DNPR) to identify pa-

ients with hospital-diagnosed APN. This register contains prospectively

ollected data, including admission date and type, on all somatic hospi-

al inpatient admissions from 1977 (according to the International Clas-

ification of Diseases, 8 th Revision [ICD-8] until 1994 and 10 th Revision

ICD-10] hereafter) and all acute and planned outpatient visits and ED

isits from 1995. The quality of the administrative data in the DNPR is

enerally high [20] . Further, the estimated positive predictive value was

6% for pyelonephritis recorded from 1990-2009 [21] and 80% (95%

onfidence interval [CI]: 70%-88%) for acute pyelonephritis in children

ounger than 2 years between 2002 and 2004 [22] . We defined APN by

CD-10 diagnosis codes including both primary and secondary discharge

iagnoses recorded during a hospital inpatient admission or acute out-

atient/ED visit (Figure S1) [20] . APN diagnoses with admission dates

egistered less than 30 days apart were considered a single episode, with

he index date defined by the first recorded admission date. While we

ncluded recurrent hospital-diagnosed APN episodes, we excluded pa-

ients with a diagnosis indicating chronic pyelonephritis from the year

994 until the APN diagnosis (Table S1). 

Descriptive variables were obtained from the DNPR from 1977 until

ndex date and included urolithiasis, congenital anomalies of the kidney

nd urinary tract (CAKUT), and for patients 15 years or older Charlson

omorbidity Index (CCI) score [23] , diabetes mellitus, and kidney dis-

ase (not including acute nor chronic pyelonephritis). Furthermore, we

ecorded selected UTI and sepsis diagnoses in the same source popu-

ation (i.e. the Danish population without chronic pyelonephritis) and

alendar period. 

Information on sex, age, and region of residence (the five Danish

egions form the main administrative unit of the Danish healthcare sys-

em and are defined geographically) [19] was collected from the Danish

ivil Registration System, which also ensures virtually complete follow-

p and enables data linkage [24] . 

Finally, we obtained data on the Danish population numbers accord-

ng to calendar year, sex, age, and region of residence from Statistics

enmark [25] . 

tatistical analysis 

The study population was characterized according to sex, age group

0-2 years, 3-14 years, 15-29 years, 30-49 years, 50-74 years, and ≥ 75

ears), calendar period (2000-2004, 2005-2009, 2010-2014, and 2015-

018), CCI score (0 vs ≥ 1), diabetes mellitus, kidney disease, urolithia-

is, CAKUT, and region of residence at the time of diagnosis. Descriptive

tatistics included frequency (n) with proportion (%) and median with

nterquartile range (IQR). 

In the primary analysis, we estimated annual APN incidence rates per

0,000 person years (PY) with 95% CIs, using the Danish population on

 January of each respective year as the denominator. We computed

rude rates and rates standardized to the sex and age (in years) distri-

ution of the year-2000 population. Finally, rates were stratified by sex

nd age groups and presented graphically. 

We performed several subgroup and sensitivity analyses. First, we

tratified the standardized incidence rate in 0-2-year-olds by age (i.e.

-year age groups) to elucidate changes in this heterogenic age group.

econd, we stratified by specific diagnosis code to examine changes in

oding practice. Third, we stratified by region of residence to identify

otential regional differences. Lastly, we restricted the analysis to inpa-

ient admissions to examine the robustness of the included diagnoses. 

Additionally, we similarly estimated standardized incidence rates of

elected UTI and sepsis diagnoses per 10,000 PY with 95% CIs to identify

ystematic changes in coding practice that could potentially affect the

se of APN diagnoses. 

Analyses were performed in R version 3.6.1 (R Foundation for Sta-

istical Computing). 
105 
esults 

We identified 67,954 episodes of hospital-diagnosed APN in 57,543

atients during 2000-2018 and excluded 1017 episodes in 579 pa-

ients with prior chronic pyelonephritis. This yielded inclusion of 66,937

ospital-diagnosed APN episodes in 57,162 patients (Figure S1). 

atient characteristics 

Over time, we observed an increasing number of hospital-diagnosed

PN episodes, from 13,458 in 2000-2004 to 19,744 in 2015-2018

 Table 1 ). The majority of episodes occurred in female patients (73.6%)

ho generally were younger than male patients (median age 28 years

IQR: 11-54] vs 57 years [IQR: 8-73]). The median age fell from 37

ears (IQR: 18-67) in 2000-2004 to 30 years (IQR: 9-61) in 2015-2018,

argely attributable to decreasing median ages in the Capital Region of

enmark, Central Denmark Region, and Region of Southern Denmark

Table S2). 

A larger proportion of female than male patients had no pre-existing

omorbidities at the time of diagnosis (65.6% vs 40.8%) ( Table 1 ),

nd these proportions remained largely stable over time ( Table 2 ). The

revalence of diabetes mellitus, kidney disease, and urolithiasis were

ower in female (7.3%, 7.4%, and 4.3%) than in male patients (14.2%,

3.2%, and 9.1%), and the prevalence of diabetes mellitus and urolithia-

is rose over time in patients older than 50 years. Conversely, the preva-

ence of CAKUT decreased with time from 7.7% to 4.9% in female pa-

ients and from 13.3% to 10.6% in male patients aged 0-2 years. The

revalence of diabetes, kidney disease, urolithiasis, and CAKUT was sim-

lar across regions with relatively low prevalence observed in the Capital

egion of Denmark (Table S2). 

ncidence rate 

During the 19-year period, the annual sex- and age-standardized APN

ncidence rate increased from 6.8 (95% CI: 6.8-6.8) to 15.4 (95% CI:

5.4-15.4) per 10,000 PY in the female population and from 2.7 (95% CI:

.7-2.7) to 4.5 (95% CI: 4.5-4.5) per 10,000 PY in the male population

 Figure 1 a and Table S3). The rate rose steadily over time aside from a

ecline around the year 2012, coincident with an ICD-10 code update.

he standardized rates did not differ substantially from the crude rates

Table S3). 

The standardized rate increased in all age groups ( Figure 1 b-c) with

he highest rates observed in the age groups 0-2 years and ≥ 75 years,

nd in 3-14 and 15-29-year-old female population ( Figure 1 b-c). 

The largest absolute increase occurred among girls aged 1 year (from

6.3 [95% CI: 26.2-26.3] to 90.5 [95% CI: 90.4-90.6] per 10,000 PY),

nd boys younger than 1 year (from 17.1 [95% CI: 17.1-17.2] to 52.5

95% CI: 52.4-52.6] per 10,000 PY) ( Figure 2 a-b), with the largest rela-

ive increase observed in girls and boys younger than 1 year (girls: from

.4 [95% CI: 7.4-7.4] to 64.8 [95% CI: 64.7-64.9] per 10,000 PY). 

The temporal increase in APN incidence among 0-2-year-old girls

aried between regions, increasing by 1.5-fold in the North Denmark

egion and by 4-4.5-fold in the Capital Region of Denmark, Region of

outhern Denmark, and Region Zealand (Figure S2). Moreover, a greater

se, especially in the 0-2-year-olds, of the unspecified pyelonephritis

iagnosis was observed from the year 2012 ( Figure 3 a-d). 

When restricting to APN diagnoses from inpatient admissions, the to-

al number of APN episodes decreased to 62,405 in 52,849 patients. Yet,

he resulting decrease in incidence rates was modest, and the temporal

hanges remained. Hence, when restricting to inpatient admission, the

ates in the female population changed from 6.8 (95% CI: 6.8-6.8) to 6.4

95% CI: 6.1-6.7) per 10,000 PY in the year 2000 and from 15.4 (95%

I: 15.4-15.4) to 12.9 (95% CI: 12.5-13.3) per 10,000 PY in 2018. 

During the study period, we observed an overall increasing use of the

elected UTI and sepsis diagnoses; although the incidence of unspecified
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Figure 1. Sex- and age-standardized incidence rates of hospital-diagnosed acute pyelonephritis in the Danish female (a and b) and male (a and c) population, 

2000-2018, stratified by sex (a) and age group (b and c). 

Figure 2. Sex- and age-standardized incidence rate of hospital-diagnosed acute pyelonephritis in the Danish female (a) and male (b) population aged 0-2 years, 

2000-2018, stratified by age. 
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Table 1 

Baseline characteristics of patients at the time of hospital-diagnosed acute pyelonephritis, overall and stratified by sex and calendar period of 

diagnosis. 

Total, n Overall Sex Calendar period of diagnosis 

Female Male 2000-2004 2005-2009 2010-2014 2015-2018 

66,937 49,269 17,668 13,458 15,858 17,877 19,744 

Sex, n (%) 

Female 49,269 (73.6) 49,269 (100.0) - 9560 (71.0) 11,460 (72.3) 13,348 (74.7) 14,901 (75.5) 

Age in years, n (%) 

0-2 9124 (13.6) 5540 (11.2) 3584 (20.3) 1396 (10.4) 1978 (12.5) 2677 (15.0) 3073 (15.6) 

3-14 8848 (13.2) 7554 (15.3) 1294 (7.3) 1550 (11.5) 2181 (13.8) 2611 (14.6) 2506 (12.7) 

15-29 13,299 (19.9) 12,659 (25.7) 640 (3.6) 2633 (19.6) 3008 (19.0) 3538 (19.8) 4120 (20.9) 

30-49 11,263 (16.8) 9344 (19.0) 1919 (10.9) 2429 (18.0) 2,750 (17.3) 3002 (16.8) 3082 (15.6) 

50-74 15,184 (22.7) 8996 (18.3) 6188 (35.0) 3060 (22.7) 3641 (23.0) 3860 (21.6) 4623 (23.4) 

≥ 75 9219 (13.8) 5176 (10.5) 4043 (22.9) 2390 (17.8) 2300 (14.5) 2189 (12.2) 2340 (11.9) 

Median (interquartile range) 33 (10, 63) 28 (11, 54) 57 (8, 73) 37 (18, 67) 34 (11, 64) 30 (8, 61) 30 (9, 61) 

CCI score a , b = 0, n (%) 

Yes 28,957 (59.1) 23,743 (65.6) 5214 (40.8) 6063 (57.7) 6876 (58.8) 7571 (60.1) 8447 (59.6) 

Diabetes mellitus b , n (%) 

Yes 4437 (9.1) 2626 (7.3) 1811 (14.2) 877 (8.3) 1032 (8.8) 1165 (9.3) 1363 (9.6) 

Kidney disease b , n (%) 

Any 4343 (8.9) 2661 (7.4) 1682 (13.2) 957 (9.1) 1057 (9.0) 1113 (8.8) 1216 (8.6) 

Urolithiasis, n (%) 

Yes 3724 (5.6) 2111 (4.3) 1613 (9.1) 777 (5.8) 860 (5.4) 922 (5.2) 1165 (5.9) 

CAKUT, n (%) 

Any 2719 (4.1) 1657 (3.4) 1062 (6.0) 500 (3.7) 622 (3.9) 803 (4.5) 794 (4.0) 

Region of residence, n (%) 

Capital Region of Denmark 25,863 (38.6) 19,389 (39.4) 6474 (36.6) 5378 (40.0) 5969 (37.6) 6320 (35.4) 8196 (41.5) 

Central Denmark Region 14,100 (21.1) 10,321 (20.9) 3779 (21.4) 2657 (19.7) 3232 (20.4) 4148 (23.2) 4063 (20.6) 

North Denmark Region 5741 (8.6) 4194 (8.5) 1547 (8.8) 1180 (8.8) 1518 (9.6) 1447 (8.1) 1596 (8.1) 

Region of Southern Denmark 12,174 (18.2) 8659 (17.6) 3515 (19.9) 2211 (16.4) 3044 (19.2) 3512 (19.6) 3407 (17.3) 

Region Zealand 9059 (13.5) 6706 (13.6) 2353 (13.3) 2032 (15.1) 2095 (13.2) 2450 (13.7) 2482 (12.6) 

a CCI score, excluding non-melanoma skin cancer (International Classification of Diseases, 8 th Revision: 173 and International Classification 

of Diseases, 10 th Revision: C44). 
b Ascertained only in patients ≥ 15 years of age.CAKUT: congenital anomalies of the kidney and urinary tract; CCI: Charlson Comorbidity 

Index. 

Figure 3. Sex- and age-standardized incidence rate of hospital-diagnosed acute pyelonephritis in the Danish female (a and b) and male (c and d) population, 

2000-2018, stratified by diagnosis code (a and c) and age group (b and d). 

ICD-10: International Classification of Diseases, 10 th Revision; NOS: not otherwise specified. 
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Table 2 

Baseline characteristics of female and male patients at the time of hospital-diagnosed acute pyelonephritis, stratified by calendar period and age group. 

Age group, years Female population Male population 

Calendar period of diagnosis Calendar period of diagnosis 

2000-2004 2005-2009 2010-2014 2015-2018 2000-2004 2005-2009 2010-2014 2015-2018 

CCI score a , b = 0, n (%) 

≥ 15 Yes 4863 (64.4) 5,567 (65.6) 6,294 (66.8) 7,019 (65.5) 1200 (40.6) 1309 (40.7) 1277 (40.3) 1428 (41.4) 

15-29 Yes 2243 (90.2) 2,531 (88.8) 2,976 (87.5) 3,411 (87.0) 106 (72.6) 121 (76.6) 105 (76.1) 141 (71.2) 

30-49 Yes 1378 (70.6) 1,712 (74.8) 1,909 (75.7) 1,942 (75.3) 332 (69.7) 324 (70.1) 331 (69.1) 368 (73.3) 

50-74 Yes 813 (46.1) 966 (46.4) 1,058 (46.2) 1,260 (44.0) 527 (40.7) 645 (41.3) 618 (39.3) 721 (41.0) 

≥ 75 Yes 429 (31.8) 358 (28.3) 351 (29.0) 406 (30.0) 235 (22.6) 219 (21.1) 223 (22.8) 198 (20.0) 

Diabetes b , n (%) 

≥ 15 Yes 521 (6.9) ≤ 608 ≤ 666 834 (7.8) 356 (12.0) ≤ 427 ≤ 504 529 (15.3) 

15-29 Yes 45 (1.8) ≤ 55 ≤ 60 61 (1.6) 0 (0.0) ≤ 5 ≤ 5 9 (4.5) 

30-49 Yes 101 (5.2) 131 (5.7) 142 (5.6) 169 (6.6) 29 (6.1) 29 (6.3) 30 (6.3) 24 (4.8) 

50-74 Yes 220 (12.5) 246 (11.8) 285 (12.5) 403 (14.1) 190 (14.7) 221 (14.2) 297 (18.9) 312 (17.7) 

≥ 75 Yes 155 (11.5) 176 (13.9) 179 (14.8) 201 (14.9) 137 (13.2) 172 (16.6) 172 (17.6) 184 (18.6) 

Kidney disease b , n (%) 

≥ 15 Any 565 (7.5) 603 (7.1) 710 (7.5) 783 (7.3) 392 (13.3) 454 (14.1) 403 (12.7) 433 (12.6) 

15-29 Any 48 (1.9) 65 (2.3) 88 (2.6) 125 (3.2) 20 (13.7) 17 (10.8) 10 (7.2) 21 (10.6) 

30-49 Any 203 (10.4) 189 (8.3) 165 (6.5) 148 (5.7) 71 (14.9) 55 (11.9) 35 (7.3) 44 (8.8) 

50-74 Any 191 (10.8) 229 (11.0) 315 (13.8) 393 (13.7) 165 (12.7) 220 (14.1) 214 (13.6) 217 (12.3) 

≥ 75 Any 123 (9.1) 120 (9.5) 142 (11.7) 117 (8.7) 136 (13.1) 162 (15.6) 144 (14.7) 151 (15.3) 

Urolithiasis, n (%) 

All Any ≤ 433 ≤ 474 ≤ 529 ≤ 687 ≤ 354 ≤ 393 ≤ 395 ≤ 485 

0-2 Any ≤ 5 ≤ 5 0 (0.0) ≤ 5 ≤ 5 ≤ 5 0 (0.0) ≤ 5 

3-14 Any 7 (0.6) 7 (0.4) ≤ 5 12 (0.5) ≤ 5 9 (2.7) 8 (2.1) ≤ 5 

15-29 Any 57 (2.3) 58 (2.0) 79 (2.3) 80 (2.0) 12 (8.2) 12 (7.6) ≤ 5 14 (7.1) 

30-49 Any 127 (6.5) 133 (5.8) 162 (6.4) 188 (7.3) 65 (13.7) 53 (11.5) 58 (12.1) 54 (10.8) 

50-74 Any 162 (9.2) 194 (9.3) 208 (9.1) 281 (9.8) 156 (12.0) 194 (12.4) 198 (12.6) 244 (13.9) 

≥ 75 Any 75 (5.6) 77 (6.1) 75 (6.2) 121 (8.9) 111 (10.7) 120 (11.6) 126 (12.9) 163 (16.5) 

CAKUT, n (%) 

All Any ≤ 285 ≤ 353 514 (3.9) 509 (3.4) ≤ 219 ≤ 273 289 (6.4) 285 (5.9) 

0-2 Any 57 (7.7) 54 (4.8) 110 (6.5) 97 (4.9) 88 (13.3) 133 (15.7) 118 (12.0) 116 (10.6) 

3-14 Any 59 (4.6) 126 (6.8) 164 (7.3) 139 (6.3) 52 (18.5) 60 (18.1) 91 (24.0) 65 (21.5) 

15-29 Any 51 (2.1) 61 (2.1) 104 (3.1) 102 (2.6) 25 (17.1) 19 (12.0) 13 (9.4) 35 (17.7) 

30-49 Any 60 (3.1) 54 (2.4) 51 (2.0) 73 (2.8) 14 (2.9) 18 (3.9) 14 (2.9) 21 (4.2) 

50-74 Any 53 (3.0) 43 (2.1) 68 (3.0) 82 (2.9) 30 (2.3) 33 (2.1) 45 (2.9) 37 (2.1) 

≥ 75 Any ≤ 5 ≤ 15 17 (1.4) 16 (1.2) ≤ 10 ≤ 10 8 (0.8) 11 (1.1) 

a CCI score, excluding non-melanoma skin cancer (International Classification of Diseases, 8 th Revision: 173 and International Classification of Diseases, 10 th 

Revision: C44). 
b Ascertained only in patients ≥ 15 years of age.CAKUT: congenital anomalies of the kidney and urinary tract; CCI: Charlson Comorbidity Index. 
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acterial sepsis of newborns fluctuated greatly, and the rates for diag-

oses such as unspecified sepsis and unspecified UTI decreased slightly

rom the year 2015 (Figure S3a and S3c). 

iscussion 

In this nationwide study, we found the incidence rate of hospital-

iagnosed APN to have roughly doubled in the Danish female and male

opulations from 2000-2018. Interestingly, it was largely driven by

rominent increases among the youngest children which was not accom-

anied by an enlarging prevalence of CAKUT. Furthermore, the tempo-

al changes in APN incidence were associated with notable regional dif-

erences and concomitant declines in incidences of hospital-diagnosed

nspecified UTI and sepsis. 

Our observations extend previous findings of a rising incidence of

nfections caused by uropathogens in the Danish population over the

ast decade [14 , 16] . The temporally increasing APN incidence is also

upported by international findings, including observations from South

orea during 1997-1999 and 2010-2014 [8 , 11] . However, compared

ith our estimates, the incidences reported in the adult female pop-

lation of South Korea were much higher (inpatient rate: 18.9 per

0,000 persons; and outpatient rate: 54.4 per 10,000 persons) [11] .

his discrepancy may be explained by differences in settings, coding

ractices, and methodologies; notably, the APN definition used in the

outh Korean studies likely yielded higher estimates as it was based on

nsurance claims data with a 14-day period defining an APN episode.
108 
lso, the overall APN incidence rates reported in a study from the

nited States during 1997-2001, including all ages but not recurrent

pisodes, were approximately two-fold greater (inpatient and outpatient

emale population: 15-17 per 10,000 persons; and male population: 3-

 per 10,000 persons) than our year-2000 estimates [7] . In contrast,

he inpatient-only hospitalization rates were lower in the United States

female population: 3-4 per 10,000 persons; and male population: 1-2

er 10,000 persons) than in Denmark. The finding of incidences being

ighest in infants, young women, and the elderly was similar between

tudies. Moreover, consistent with our findings, other studies have re-

orted the APN hospitalization rate to have increased over time in in-

ants [26 , 27] . Thus, a nearly nine-fold increased incidence was reported

mong infants in California during 1985-2006 [26] . The trend is fur-

her supported by another American study covering the period 2006-

011, showing an increasing incidence of female ED visits for UTIs,

ncluding pyelonephritis, with the highest incidences in infants and

dolescents [27] . 

The strengths of our study include its population-based design and

onsiderable size and time span. The use of prospectively collected reg-

stry data reduced the risk of recall bias. Furthermore, retrieving APN

iagnoses from the DNPR allowed us to consider acute hospital contacts

n all age groups, including children. In addition, we expect that essen-

ially all APN diagnoses in children are captured in the DNPR as Dan-

sh guidelines recommend hospital referral of children with suspected

yelonephritis and that all UTIs in children under the age of 1-2 years

re considered pyelonephritis [28 , 29] . 
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The limitations of our study include the lack of information on clin-

cal symptoms to validate the diagnoses. While we excluded patients

ith a diagnosis indicating chronic pyelonephritis, we cannot entirely

ule out some degree of misclassification of diagnoses (e.g. noninfec-

ious nephritis etc.). Yet, an evaluation of microbiological test results

rom 4773 patients performed at the Department of Clinical Microbiol-

gy, Aalborg University Hospital found that an overall 52% (children

ged 0-2 years: 81%) of hospital-based APN diagnoses were confirmed

y urine culture within day − 7 to + 2 from admission date (Svingel

t al., 2022, unpublished results). Moreover, we sought to unveil po-

ential shifts in the coding of infectious diseases originating from the

rinary system by examining incidence rates for selected UTI and sepsis

iagnoses. Confounding by demographic changes was controlled by sex-

nd age-standardization. Still, it is important to bear in mind that by fo-

using on hospital-diagnosed APN, the results inherently underestimate

he total all-setting APN incidence by a varying degree between sexes

nd age groups; expectedly to the largest extent in young women who

re often treated outside hospital [5 , 10] . 

Plausible explanations for the rising APN incidence include a grow-

ng comorbidity burden [26 , 27] . In the present study, we did demon-

trate increasing prevalence of diabetes mellitus and urolithiasis in pa-

ients older than 50 years over time. Yet, the prominent increase among

he 0-2-year-olds could not be explained by an increasing prevalence of

AKUT in this age group over time. 

Although, the past decades have seen growing implementation of

utpatient management of APN [5 , 10 , 12] , the increase observed in the

resent study cannot be explained solely by a surge in hospital outpa-

ient management as it was consistent over time whether considering

ll acute hospital contacts or only inpatient admissions. However, the

bservations may still to some extent be explained by changes in clin-

cal and coding practices. Firstly, the coincidental changes observed in

he incidence rate for unspecified UTIs may reflect a growing inclina-

ion for doctors to provide an APN diagnosis to patients with upper

TIs assessed as suited for outpatient management. Secondly, across

ge groups, the increasing incidence rates during 2013-2018 were pos-

ibly incited by the implementation (2010-2013) of a national program

rging timely diagnostic examinations, including microbiological tests,

nd treatment of patients with sepsis [30] . This likely heightened disease

ecognition and diagnostic specificity in infected patients. This is sup-

orted by our evaluation of microbiological tests showing that hospital-

iagnosed APN was increasingly accompanied by urine culture analysis

from 75% in 2000-2006 to 93% in 2013-2018) (Svingel et al., 2022,

npublished results). Thirdly, advances in diagnostic technologies, such

s ultrasound-guided bladder puncture [18] , may also herald a shift to-

ards more specific diagnostic coding. This suggestion is in accordance

ith the recent decline in the use of the unspecified UTI and sepsis diag-

oses. In concord, data from the Department of Clinical Microbiology,

arhus University Hospital showed that the proportion of urine sam-

les retrieved by bladder puncture grew from 12.5% in 2010 to 33.7%

n 2018 among infants residing in the uptake area (Breinbjerg [August

6, 2021], personal communication). Hence, our findings may to some

egree unveil an under-coding of APN in the earlier years of our study

eriod. 

Additional knowledge on potential risk factors such as invasive

rocedures and immunomodulatory therapies and on the impact

f antimicrobial resistance on APN incidence, disease severity, and

linical course is needed to continuously optimize preventive and

reatment strategies. Furthermore, updated knowledge on the long-

erm prognosis following APN is crucial to mitigate morbidity and

ortality. 

In conclusion, the incidence rate of hospital-diagnosed APN in Den-

ark roughly doubled from 2000 to 2018. The increase was largely

riven by a prominent increase among 0-2-year-old children which was

ot explained by the enlarging prevalence of CAKUT. Our findings war-

ant continued efforts targeted towards preventing this serious infection

nd its potential consequences. 
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