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Death and end-stage kidney disease (ESKD) are major outcomes of glomerular disease. (GD) The

years of potential life lost (YLL) may provide additional insight into the disease burden beyond death
rates. There is limited data on premature mortality in GD. In this retrospective observational cohort
study, we evaluated the mortality, ESKD rates, and YLL in Thais with biopsy-proven GD. The mortality
and combined outcome rates were determined by log-rank test and ESKD by using a competing risk
model. YLL and premature life lost before age 60 were calculated for different GD based on the life
expectancy of the Thai population. Patients with GD (n=949) were followed for 5237 patient years.
The death rate and ESKD rates (95%Cl) were 4.2 (3.7-4.9) and 3.3 (2.9-3.9) per 100 patient-years,
respectively. Paraprotein-related kidney disease had the highest death rate, and diabetic nephropathy
had the highest ESKD rate. Despite not having the highest death rate, lupus nephritis (LN) had the
highest YLL (41% of all GD) and premature loss of life before age 60. In conclusion, YLL provided a
different disease burden assessment compared to mortality rates and identified LN as the major cause
of premature death due to GD in a Southeast Asian cohort.

The global prevalence of CKD has increased markedly, resulting in considerable health and socioeconomic
burden’?. Glomerular disease (GD) is a major cause of CKD, contributing to a considerable portion of those
requiring kidney replacement therapy for end-stage kidney disease (ESKD)*. GD patients have increased mortal-
ity due to complications of immunosuppressive treatment, kidney failure, or cardiovascular disease*. In ESKD
registries, GDs are often referred to as a single clinical entity, but the term GD encompasses many diseases with
considerable heterogeneity in progression rates to ESKD and mortality between different histological diagnoses®.

The distribution of GD types differs worldwide®. GD may contribute to even higher proportions of ESKD in
low and middle-income countries, especially in patients under age 60*S. Southeast Asia covers 8.5% of the world’s
population, with one of the largest burdens of CKD globally’. In recent times, Southeast Asia has seen a marked
change in socioeconomic development that may impact the prevalence of infectious and non-communicable
diseases affecting GD prevalence. Yet, there are limited current data exploring the medium to long-term outcomes
of GD in Southeast Asia.

Despite death and ESKD being significant concerns of patients with GD?, the burden of specific GD remains
to be thoroughly evaluated. Typically, the disease burden in GD has been measured by mortality rate, which does
not consider the age of death. The number of deaths alone does not reflect the total burden on society, as some
GD types harm younger people more than others. The number of years of potential life lost (YLL) estimates the
average years a person would have lived if they had not died prematurely. YLL for a given disease depends on
the age at death and the number of deaths at each age and may provide additional insight into the disease impact
beyond data derived from death numbers alone”!. YLL has been used to estimate disease burden in different
types of cancers®'?, but there is limited YLL data in GD'»'? with no comparative data for different kinds of GD

1Somdech Phra Debaratana Medical Center, Faculty of Medicine Ramathibodi Hospital, Mahidol University,
Bangkok, Thailand. 2Department of Pathology, Faculty of Medicine Ramathibodi Hospital, Mahidol University,
Bangkok, Thailand. 3Department of Medicine Faculty of Medicine Ramathibodi Hospital, Mahidol University,
Rama 6 Road, Bangkok 10400, Thailand. “Department of Clinical Epidemiology and Biostatistics, Faculty of
Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand. *Department of Community Medicine
Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand. *email: kitiyakc@yahoo.com;
Chagriya.kit@mahidol.ac.th

Scientific Reports | (2023) 13:19119 | https://doi.org/10.1038/s41598-023-46268-9 nature portfolio


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-46268-9&domain=pdf

www.nature.com/scientificreports/

on premature mortality. Therefore, in this study, we evaluated the mortality, ESKD rates, and early life lost in
different biopsy-proven primary and secondary GD in a Thai cohort.

Results
Of 2,069 biopsies performed, 909 were kidney allograft biopsies, 41 were inadequate, 32 were non-glomerular
diseases, and 138 were repeat biopsies (Fig. 1). Nine hundred forty-nine patients with GD in their native kidneys
were followed up for 76 (58, 97) months or 5237 patient-years. Baseline characteristics are shown in Table 1. The
mean age at biopsy was 43 + 17 years, and 59.4% were women. eGFR was 55 (25, 99) ml/min/1.73m>

Primary GD constituted 49.8% of all GD. Of the MN patients classified as primary GD, none had a history
of malignancy on evaluation around the time of the biopsy. Of the FSGS patients classified as primary GD, none
had HIV, severe obesity, or other identifiable secondary etiology of FSGS, although we did not perform genetic
testing. Lupus nephritis (LN) was the most common (26.8%) GD type, followed by IgAN (17.5%) and FSGS
(13.7%). There were statistically significant differences in age, sex, eGFR, and proteinuria between GD types. Age
of onset was highest in pauci-immune GD and lowest in LN and IgAN. Serum Cr levels were lowest in MCD
and MN and highest in CGN.

Death

Overall, 176 patients died (18.5%), and the death rate was 3.3 (95%CI 2.9-3.9) per 100 person-years (Table 2).
Primary GD had lower deaths (10.8%) with an incidence rate of 1.8 (95%CI 1.4-2.4) per 100 person-years). Para-
protein-related kidney disease (MM) had the highest death rate, followed by diabetic nephropathy (DN). IgAN
and MCD had the lowest rates. The incidence of death was significantly different between GD types (P<0.001)
(Fig. 2). Compared to MCD, the mortality risk was significantly increased for paraprotein-related kidney disease,
DN, Pauci-immune glomerulonephritis and membranoproliferative glomerulonephritis (MPGN) (Table 3).

ESKD

Overall, 186 patients (19.6%) had ESKD, and the ESKD rate was 4.2 (95%CI 3.7-4.9) per 100 person-years
(Table 2). DN had the highest rate of ESKD, followed by chronic glomerular disease (C). The ESKD rate in pri-
mary GD was 3.3 (95%CI 2.7-4.1) per 100 person-years, with IgAN having the highest ESKD rate among primary
GD. No ESKD occurred in paraprotein-related kidney disease or MCD. GD types showed different cumulative
ESKD rates (P<0.01) (Fig. 2). Using death as a competing risk, DN, CGN, MPGN, FSGS, IgAN, and LN had
increased risk of ESKD with MN as the reference (Table 3).

Combined events

Overall, 34.2% developed death or ESKD. The combined event rate for all GD was 7.3 (95%CI 6.6-8.2) per 100
person-years (Table 2), with the highest rate being paraprotein-related kidney disease, followed by DN and
CGN. The combined event rate was 4.9 (95%CI 4.1-5.9) per 100 patient-years in primary GD, with FSGS having
the highest rate among primary GD. GD types significantly differed in cumulative combined events (P<0.001)
(Fig. 2). Compared to MCD, the risk for combined events was significantly increased for all GD types except for
MN and infections related-glomerulonephritis (IRGN) (Table 3).

Years of life lost

Median YLL

The age at death for GD is shown in Table 2. The median YLL for those who died were: 21.2 (12.2, 39.2) and
19.2 (8.2, 33.5) years in all GD and primary GD, respectively. The median YLL of GD types is shown in Fig. 3a.
LN had the highest median YLL (42.0 (26.2, 52.5) years, followed by CGN (33.0 (15.2, 42.2)) years and IRGN.

Kidney biopsies performed between January
2011-December 2020 (n=2069)

Excluded:

[ | -Kidney transplant biopsies
(n=909)

Native kidney biopsies (n=1160)

Excluded:
-Repeated biopsies (n=138)
-Inadequate tissue (n=41)

-Tubulointerstitial nephritis
(n=32)

GD patients included for analysis (n=949)

Figure 1. Study flow.
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Combined
Mortality rate events rate per
Age at death per 100 person- ESKD rate per | Combined 100 person-
Follow-up Follow-up (25,75 | Deaths (25,75 years ESKD 100 person-years | events years

GD type (N) (Person years) percentile) years | N (%) percentile) years | (95%CI) N (%) (95%CI) N (%) (95%CI)
FSGS (130) 578.0 5.7 (3.4,4.9) 19 (14.6) 64.0 (53.0, 75.0) 2.6 (1.6-4.0) 32 (24.6) 5.5(3.9-7.8) 46 (35.4) 8.0 (6.0-10.6)
MCD (75) 475.0 6.5 (4.4,8.2) 7(9.3) 68.0 (40.0, 75.0) 15(0.7-3.1) |0 0 7(9.3) 1.5 (0.7-3.1)
IgA N (166) 791.2 6.1(4.5,7.9) 14 (8.4) 49.0 (34.3,67.5) 1.4 (0.8-2.3) 44 (26.5) 5.6 (4.1-7.5) 52(31.3) 6.6 (5.0-8.6)
MN (102) 599.2 6.0 (4.9,7.6) 11 (10.7) 64.0 (51.0,72.0) .8 (1.0-3.3) 5(4.9) 0.8 (0.3-2.0) 5(14.7) .5 (1.5-4.2)
LN (254) 1281.7 5.7 (4.3,7.8) 6(18.1) | 36.5(26.8,53.3) 32(24-43) [38(14.9) |[3.0(2.2-4.1) 80 (31.5) 6.2 (5.0-7.8)
fza;‘)d'imm““e 75.1 3.7 (3.0,4.9) 6(286) [70.5(65.0,76.8) | 7.3(3.3-16.3) |2(9.5) 2.7 (0.7-10.6) 7(33.3) 9.3 (4.4-19.6)
DN (102) 309.6 3.9 (3.0,6.7) 46 (45.1) 59.0 (48.0,70.0) 6(7.2-12.9) |42 (41.2) 14.0 (10.3-18.9) | 70 (68.6) 22.6 (17.9-28.6)
MPGN (17) 73.3 6.2 (3.9,8.2) 5(29.4) 59.0 (48.0,71.5) .7 (2.0-11.3) | 6(35.3) 8.6 (3.9-19.2) 9(52.9) 12.3 (6.4-23.6)
IRGN (13) 65.4 53 (4.3,7.1) 2(15.4) 47.5 (35.0 47.5) 2.8(0.7-11.3) | 1(7.7) 1.5 (0.2-10.8) 3(23.0) 4.6 (1.5-14.2)
CGN (35) 117.1 53(3.2,7.1) 8(22.9) 44.0 (35.0,62.2) 4(2.2-8.7) 14 (40) 12.8 (7.7-21.2) 23 (65.7) 19.6 (13.1-29.6)
Paraprotein-
related kidney 39.8 1.7 (0.3, 5.3) 11 (78.5) 67.0 (56.0,71.0) |27.7 (15.3-50.0) |0 0 11 (78.5) 27.7 (15.3-50.0)
(14)
fg;ary GD 24433 6.1 (4.4,7.8) 51(10.8) | 64.0 (46.0,73.0) 1.8(1.4-24) [81(17.1) |3.3(2.7,4.1) 120 (25.4) 49 (4.1-5.9)
ALLGD
(949) 4540.0 6.3 (4.8,8.1) 176 (18.5) | 56.0 (37.0,67.0) 3.3(2.9-3.9) 186 (19.6) |4.2(3.7,4.9) 325(34.2) 7.3 (6.6-8.2)

Table 2. Outcomes by glomerular disease types. Data shown as Median (25,75 percentile). CGN Chronic
glomerulonephritis; DN Diabetic nephropathy; FSGS Focal segmental glomerulosclerosis; GD Glomerular
disease; IgAN Ig A nephropathy; IRGN Infectious related glomerulonephritis; LN Lupus nephritis; MCD
Minimal change disease; MN Membranous nephropathy; MPGN Membranoproliferative glomerulonephritis;
Misc Miscellaneous (Alport, Thin basement membrane, IgM nephropathy); Primary GD= IgAN, FSGS, MN,

MCD.
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Figure 2. The cumulative incidence of outcomes for different GD (n=949). (a) Death. (b) End-stage kidney
disease (ESKD). (¢) Combined events (death or ESKD).
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Combined death and ESKD HR (95%

GD type (N) Death HR (95% CI) | CI) ESKD Subdistribution HR (95% CI)
MCD (75) Ref Ref Undetermined
FSGS (130) ©7-4.) (2-125) Gan145)
IgAN (166) ((](}?4_2,3) ‘(li‘.l9_10.3) ffl-ls.l)
MN (102) 26?4—3‘2) (16?6—4.3) R

LN (254) %(')%9-4.9) ‘(1;0—12.2) (2i?1—6.7)
Pauci-immune (21) (331_13.2) A(li?4_16. 1) 36?1— 10.7)

DN (102) (7;3_19,1 ) f;,§_51,4) (lf.f-m)
MPGN (17) ‘(li(,)l_u,s) :;).'29_37.4) (7;.12-25.0)
IRGN (13) (03-9:6) 06131 (02-15.4
CGN (35) %()?9_8_7) 32'56_52.9) (1;).'71-27.5)
Paraprotein-relatedkidney (14) ?75_'96_1 58.8) (3;':_1 58.8) Undetermined

Table 3. Risk of outcomes by glomerular disease types. CGN Chronic glomerulonephritis; DN Diabetic
nephropathy; FSGS Focal segmental glomerulosclerosis; GD Glomerular disease; IgAN Ig A nephropathy;
IRGN Infectious related glomerulonephritis; LN Lupus nephritis; MCD Minimal change disease; MN
Membranous nephropathy; MPGN Membranoproliferative glomerulonephritis; Misc Miscellaneous (Alport,
Thin basement membrane, IgM nephropathy); Primary GD =IgAN, FSGS, MN, MCD. Bold denotes statistical

significance.
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Figure 3. Years of life lost (YLL) by GD types (including diabetes). (a) All patients: Median YLL. Open circle
denotes median with ends representing 25 and 75 percentile. (b) All patients: Proportion of total YLL. (c)
Premature death before age 60: Median YLL60. Open circle denotes median with ends representing 25 and 75
percentile. (d) Premature death before age 60: Proportion of total YLL60.
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Total YLL of each GD

The total YLL was 4,492.7 years for all GD and 1,066 for primary GD (23.7% of all YLL) (Table 4). The total YLL
for each GD type is shown as a percentage of the total YLL for all GD (Fig. 3b). LN accounted for over 40% of
the total YLL of all GD, followed by DN (22%) and IgAN (8.3%).

Premature death before age 60

Of 767 patients biopsied before age 60, 110 died before age 60. The total YLL before age 60 (YLL60) for all GD
was 2033 years (including DN) with a median YLL of 17.4 years (Table 4). For primary GD, the total YLL60
was 448 years, with a median YLL60 of 14 years. LN had a median YLL60 of 26 years and the largest burden of
premature death with a total YLL60 of 1009 years (49.6% of total YLL60 all GD) (Fig. 3¢,d).

Discussion

We evaluated the medium-term outcomes of biopsy-proven GD in a real-world setting in a cohort of Thai sub-
jects with 5237 patient-years follow-up. The novel findings were considerable differences in mortality, ESKD
rates, and years of life lost among different GD. There were discrepancies in the relative impact of different GD
when YLL was evaluated instead of mortality rates. Paraprotein-related kidney disease, DN and pauci-immune
glomerulonephritis had the highest mortality, whereas CGN and DN had the highest ESKD rates. MCD had the
lowest combined and ESKD rates overall. Despite not having the highest death rate, LN had the highest YLL,
contributing to almost half of the premature loss of life before age 60, with IgAN and FSGS also important.

The frequency of different GD varies worldwide due to differences in genetic, environmental factors, and
biopsy selection practices®. In our series, LN was the commonest GD, followed by IgAN, FSGS, MN, and MCD.
A recent report from China showed a similar prevalence of MN, IgAN, and MCD, but LN and FSGS were much
less common®. Our contemporary data showed differences from an earlier study from Thailand'*. Between 1982
and 2005, LN and IgM nephropathy were the most common GD (27% each), followed by IgAN (10.8%), whereas
only a few cases were diagnosed with MCD. By contrast, we only reported 2 cases of IgM nephropathy and a
sizable proportion of MCD. More stringent criteria for diagnosis of IgM nephropathy, including the requirement
for electron-dense deposits, may account for higher numbers of MCDs in our study'®. A similar time trend of
reduced diagnosis of mesangial proliferative glomerulonephritis accompanied by an increase in MCD was also
found in Singapore'¢.This reduced mesangial proliferation might be due to decreased systematic antigen chal-
lenge from infectious agents due to economic development. Consistent with this notion, the prevalence of IRGN
in our study was three folds lower than in the previous era'>. Among other observed trends, FSGS was the third
most common GD (13%) in our series, whereas the overall FSGS rate was only 1.7% in the previous decades'.
This finding is consistent with the global increase in FSGS'®!7.

Paraprotein-related kidney diseases encompass cast nephropathy, often associated with variable glomerular
involvement and other manifestations of light chain deposition'®. In our study, secondary GD, such as parapro-
tein-related kidney disease, and pauci-immune glomerulonephritis (including ANCA-associated) had the highest
mortality rates reflecting the older age of onset, disease severity, and the complications of cytotoxic regimen
in these diseases'®'". The lower ESKD rate likely reflects that for ESKD to be registered, the patient must be on

All patients Disease onset before Age 60
GD type N Total YLL (years) N Total YLL60 (years)
Pauci-immune 21 52.1 7 4
FSGS 130 331.8 98 126
IgAN 166 371.8 148 173
LN 254 1841.5 237 1009
MN 102 246.3 75 91
MPGN 17 73.4 13 25
MCD 75 116.1 63 58
IRGN 13 55.9 8 25
CGN 35 234.6 26 112
Paraprotein-related kidney 14 160.9 5 17
Miscellaneous 20 25.5 17 5
All GD (excluding DN) 847 3509.9 69 1645
DN 102 983.4 70 388
All GD (including DN) 949 4493.3 767 2033
Primary GD 473 1066.0 384 448

Table 4. Years of life lost for all ages and premature life lost before age 60 by GD type. YLL years of life lost;
YLL60 years of life lost before age 60; CGN Chronic glomerulonephritis; DN Diabetic nephropathy; FSGS
Focal segmental glomerulosclerosis; GD Glomerular disease; IgAN Ig A nephropathy; IRGN Infectious related
glomerulonephritis; LN Lupus nephritis; MCD Minimal change disease; MN Membranous nephropathy;
MPGN Membranoproliferative glomerulonephritis; Misc Miscellaneous (Alport, Thin basement membrane,
IgM nephropathy); Primary GD IgAN, FSGS, MN, MCD.
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dialysis for over three months. Patients who died or stopped dialysis before the three-month duration would not
have been documented as ESKD. In our cohort, MPGN was typically associated with HCV infections; hence, the
condition was not classified as a primary GD. Poor prognosis for MPGN is consistent with previous studies®.

The increase in DN in our series compared to the previous era may be due to increasing diabetes prevalence
and more standardized indications for biopsies similar to other global regions®!®. Since kidney biopsies were
performed only in patients with unusual features such as massive proteinuria or rapid disease progression, high
kidney failure and mortality rates in DN may reflect the advanced stage of kidney disease and concomitant
cardiovascular risk factors already present at the time of biopsy?'.

Several studies from lower to middle-income countries have examined the prevalence of various types of GD
in cross-sectional research or individual GD types over time®. However, there are few recent studies covering the
period since the year AD 2000 that use biopsy registry data to compare outcomes in patients with both primary
and secondary GD. The available data often underscores the inferior outcomes associated with secondary GD.
For instance, in mostly Caucasian patients from New Zealand, rapidly progressive glomerulonephritis was the
leading cause of ESKD and mortality, MCD showed the lowest risk, whereas FSGS and IgAN posed intermedi-
ate risks?2. The proportion of patients who developed outcomes was comparable to our study. Further, similar
trends—particularly the heightened risk of rapidly progressive glomerulonephritis relative to other primary
GD types regarding ESKD and mortality outcomes—have been observed in biopsy series from Denmark and
Austria®** Notably, these Caucasian cohorts had a significantly lower proportion of lupus nephritis than our
study group. Another study on Singaporeans over 60 showed that the risk of combined outcomes was over tenfold
higher for LN or DN than [gAN?.

Among primary GD, we found that FSGS had the highest combined event rate with almost double the mortal-
ity rate of IgAN but comparable ESKD rates. MN had intermediate risk, whereas MCD had negligible ESKD risk,
but some patients still died. Other recent biopsy series focusing on primary GD from Taiwan?® and Korea* and
a study using electronic health records from the USA* found the highest ESKD risk with FSGS and the lowest
rates for MCD, similar to our study, but secondary GD was not evaluated in these studies.

In 2017, CKD resulted in an estimated 28-5 million YLL globally, with Southeast Asia having one of the
highest burdens of CKD?. However, comparative data on YLL in different GD has been limited. Assessment
of YLL highlighted LN as a major burden in Thai patients, although LN did not have the highest mortality rate
per case. LN was the most common GD type. The younger disease onset means that deaths related to disease
activity and immunosuppression had greater effects on YLL than other GD with older age of onset. Although
no previous studies in biopsy-proven LN, one study evaluated patients with SLE in Oslo'!. The premature years
of life lost before age 60 for SLE patients with a history of kidney involvement were 21 per 1000 person-years.
As a major cause of global CKD, DN also showed a substantial burden as a proportion of YLL. IgAN and FSGS
considerably impacted YLL, with a greater contribution of IgAN in premature mortality before age 60. A recent
study reported the YLL of IgAN patients from the Southeastern United States to be about 10.1 years'%. A greater
reduction in life expectancy of 26.5 years in our IgAN patients may result from the shorter follow-up duration,
leading to an overestimation of premature YLL since it did not capture later premature deaths or potential dif-
ferences in disease severity at presentation or subsequent therapy.

To our knowledge, this is the first study to evaluate the prematurity of death as measured by years of life lost
in diverse GD types and the first contemporary study of intermediate to long-term outcomes in a Southeast
Asian population. The strength of this study is that all diagnoses were based on kidney biopsy and included
both primary and secondary GD allowing direct comparisons between GD types. Hard outcomes were obtained
from official national databases enabling accurate ascertainment of outcome dates. Therefore, events occurring
in patients who defaulted on follow-up visits at our hospital were still captured. The outcome rates of our study
reflect real-world data comprising of those who were followed up at our Institution, and those followed up else-
where. The risk of ESKD was calculated using competing risk analysis. This study has several implications, espe-
cially highlighting the importance of YLL in addition to mortality rates as an assessment of the disease burden in
GD around the world. The finding that LN, IgAN, and FSGS are major causes of premature death in Thai patients
will have implications for resource allocation and the design of prevention programs to target these diseases
early on. This study also confirmed a high burden of diabetic nephropathy. Nonetheless, because most patients
with diabetic kidney diseases are not biopsied, the entire burden of diabetic kidney disease cannot be assessed.

There are several limitations. First, although our hospital is one of the largest referral centers receiving patients
from all over Thailand, this is a single-center study, which may be subjected to bias in outcome rate estimation,
especially for rarer diseases. Second. although we performed standard investigations to exclude systemic causes,
it is possible that in some cases of primary GD, such as MN or FSGS, an underlying disease, such as occult
malignancy with late presentation or genetic abnormalities, could be an underlying etiological factor. Nonethe-
less, the proportion of primary GD cases misclassified as secondary GD is likely small. Third, we did not verify
whether patients had undergone kidney biopsies before 2011. Repeat biopsies are not typically done during
routine follow-ups in our center, although some patients with LN or MCD might have had an earlier biopsy, and
the biopsy included in this study could have been taken during a relapse or due to treatment resistance. While
this could lead to an underestimation of disease onset in a few patients, the overall number of such cases is small
and is unlikely to affect the estimation of disease incidence or outcomes in a major way. Fourth, some patients
presented with the diagnosis of CGN, which may represent an advanced stage of other GD. This may lead to an
underestimation of the disease impact of some GD types. Fifth, a kidney biopsy may not have been performed
in patients with advanced disease or mild diseases (e.g. isolated microscopic hematuria). Therefore, although
our study provides a valuable estimate of the relative impact of different GD types, the actual burden of GD
types may not be fully ascertained. This limitation is common to other biopsy series. Furthermore, in our study,
we calculated the YLL due to premature mortality occurring within a median follow-up period of 76 months
after the diagnosis of glomerular disease. We did not consider YLL resulting from premature deaths that might
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happen in the later stages after diagnosis. It is essential to recognize that individuals with glomerular disease may
have a shorter life expectancy compared to the general population'>*. As a result, it has the potential to result
in an overestimation of the median YLL within our study cohort, particularly in cases of glomerular diseases
diagnosed at a younger age. However, our evaluation of the median YLL was carried out within the context of
examining the YLL distribution across different types of glomerular disease. Finally, we do not have data on
the cause of death. Early deaths may be related to systemic disease activity or treatment complications, whereas
later deaths may be due to cardiovascular disease®!. Dialysis in Thailand is covered under universal coverage.
Therefore, deaths due to the inability to access kidney replacement therapy are unlikely to be a major contributor.

In conclusion, GD results in a considerable healthcare burden on the Thai population. The relative frequency
and impact of GD types are similar but not identical to other East Asian countries. Evaluation of YLL identi-
fied LN, and to a lesser extent, DN, FSGS, and IgAN as major causes of early death due to GD. Future research
utilizing larger multicenter cohorts and extended follow-up durations could provide a more comprehensive
understanding of the burden GD poses to both the Thai and global communities.

Methods

Study design

This is a retrospective observational cohort study from a tertiary referral center in Bangkok, Thailand. We
obtained data from the Ramathibodi Hospital Glomerular Registry database of all patients who had a kidney
biopsy between 1st January 2011 to 31st December 2020. All participants were enrolled on the biopsy date and
followed up until the end of the study or death. This study conformed to the Declaration of Helsinki and was
approved by the Faculty of Medicine, Ramathibodi Hospital Ethics Committee (ID MURA2022/200).

Study population

Kidney biopsies were performed for clinical indications. All patients gave informed written consent. Patients
aged > 15 years with GD in their native kidneys were included. We excluded patients with kidney allografts,
without GD, or those with inadequate tissue cores. Only data from the first diagnostic biopsy was used in patients
with repeated biopsies.

Baseline characteristics were recorded on the day or within one month of the biopsy. Routine laboratory
investigations, including urinalysis and specific serologies, were performed. Proteinuria was evaluated from the
urine protein creatinine ratio. The estimated glomerular filtration rate (eGFR) was calculated from enzymatic
serum creatinine by the Chronic Kidney Disease Epidemiology Collaboration equation (CKD-EPI) for non-
blacks®? according to the recommendations of the Nephrology Society of Thailand.

Histology

A specialist nephropathologist assigned each type of GD diagnosis based on light microscopy, immunofluo-
rescence, and electron microscopy (EM) according to standard criteria®. Kidney biopsy cores were fixed in
Glyo-Fixx (Thermo Scientific, USA), embedded in paraffin, and cut into Sects. (2 um), and tissues stained by
hematoxylin-eosin, Masson trichrome, periodic acid-Schiff, and Jones methenamine silver stains.

We categorized patients into 12 GD types, including Chronic glomerulonephritis (CGN) and Miscellaneous.
Chronic glomerulonephritis (CGN) was defined as advanced global sclerosis of all glomeruli** without positive
immunofluorescence staining, and a specific diagnosis could not be made. The miscellaneous group comprised
a heterogeneous group of diseases, including IgM nephropathy, Alport’s syndrome, and Thin basement mem-
brane disease.

GD types were classified into primary and secondary GD based on the presence or absence of systemic con-
ditions based on medical record reviews, laboratory investigations, and nephrologist diagnoses. Primary GD
comprised a combined group of IgA nephropathy (IgAN), membranous nephropathy (MN), focal segmental
glomerulosclerosis (FSGS), and minimal change disease (MCD)*>*. We categorized all patients with clinical,
laboratory, or histological features consistent with lupus membranous nephritis as lupus nephritis (LN).

Follow-up and outcomes

Patients were treated according to physician preferences based on the 2012 KDIGO guideline®”. Outcomes were
obtained until death or 31st December 2021. The primary outcome was death. The secondary outcomes were:
end-stage kidney disease (ESKD) or combined death or ESKD. The date of death was obtained from the National
Death Registry, Ministry of Health. ESKD was defined as the need for long-term kidney replacement therapy.
The start date was obtained from the Nephrology Society of Thailand ESKD registry, which includes all patients
on chronic dialysis (> 90 days) or who had a kidney transplant in Thailand.

Years of life lost
The years of life lost (YLL) were calculated for each person who died (expected age —actual age at death)'**. The
expected age of death was estimated from the life expectancy of the Thai population for the individual’s age and
sex using data from the Institute for Population and Social Research® such that if patients died before the age
of 60, men had an expectancy age of 77.4 years and women had an expectancy age of 83.2 years; if patients died
between the ages of 60 and 80 or older, men had an expected age of 86.1 years and women had an expectancy
age of 88.4 years.

The total YLL of each GD type was the summation of the years lost by patients in each type’. The median YLL
was the 50th percentile of the YLL for all people who died in each GD type.
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Premature life lost before age 60
We calculated the years of early life lost before age 60 (YLL60) in a subgroup biopsied before age 60, using age
60 as the life expectancy age.

Statistical analysis

Baseline characteristics and outcomes were assessed for each type of GD, all GD, and primary GD. Missing data
were excluded from analysis. Normally distributed variables were expressed by mean (+ SD), and groups were
compared by one-way ANOVA with Bonferroni correction. Non-normally distributed variables were described
by median (25,75 percentile) and groups were compared by the Kruskal-Wallis test, followed by Dunn’s test for
comparisons of specific group pairs.

Categorical data were expressed as frequencies (%) and compared by Chi-square tests. Survival analysis was
performed to calculate incidence rates per 100 person-years of ESKD and mortality rate for each GD?. For
death or combined outcome of death or ESKD, we constructed exposure—outcome models for survival using
Kaplan-Meier curves, log rank test, and Cox proportional hazard regression for comparison among types of
GD with MCD as the reference. For ESKD, we used competing risk analysis and calculated the subdistribution
hazard model (Fine-Gray), treating death as a competing event with MN as the reference as no ESKD occurred
in MCD*,

To account for the competing risk, subdistribution hazard ratios were calculated using the command “stcr-
reg” of Stata program version 16 (Statacorp, College Station,Tx,USA). Statistically significance was defined by
a two-sided P-value at 0.05.

Data availability
Data available upon request by contacting Chagriya Kitiyakara. (Email: Kitiyakc@yahoo.com).

Received: 21 April 2023; Accepted: 30 October 2023
Published online: 05 November 2023

References
1. Kovesdy, C. P. Epidemiology of chronic kidney disease: An update 2022. Kidney Int. Suppl. 12(1), 7-11 (2022).
2. Xie, Y. et al. Analysis of the Global Burden of Disease study highlights the global, regional, and national trends of chronic kidney
disease epidemiology from 1990 to 2016. Kidney Int. 94(3), 567-581 (2018).
3. Liyanage, T. et al. Worldwide access to treatment for end-stage kidney disease: A systematic review. The Lancet. 385(9981),
1975-1982 (2015).
4. Wetmore, J. B., Guo, H., Liu, J., Collins, A. J. & Gilbertson, D. T. The incidence, prevalence, and outcomes of glomerulonephritis
derived from a large retrospective analysis. Kidney Int. 90(4), 853-860 (2016).
5. O’Shaughnessy, M. M., Montez-Rath, M. E., Lafayette, R. A. & Winkelmayer, W. C. Patient characteristics and outcomes by GN
subtype in ESRD. Clin. J. Am. Soc. Nephrol. 10(7), 1170-1178 (2015).
6. Ekrikpo, U. et al. Epidemiology and outcomes of glomerular diseases in low- and middle-income countries. Semin. Nephrol. 42(5),
151316 (2022).
7. Sahay, M. et al. Aetiology, practice patterns and burden of end-stage kidney disease in South Asia and South-East Asia: A ques-
tionnaire-based survey. Nephrology (Carlton). 26(2), 142-152 (2021).
8. Carter, S. A. et al. Identifying outcomes important to patients with glomerular disease and their caregivers. Clin. J. Am. Soc. Nephrol.
15(5), 673-684 (2020).
9. Brustugun, O. T., Moller, B. & Helland, A. Years of life lost as a measure of cancer burden on a national level. Br. J. Cancer 111(5),
1014-1020 (2014).
10. Orlewska, K., Stepien, R. & Orlewska, E. Burden of cancer in Poland analysed using potential years of life lost. Contemp. Oncol.
(Pozn). 24(1), 13-16 (2020).
11. Lerang, K., Gilboe, I. M., Steinar Thelle, D. & Gran, J. T. Mortality and years of potential life loss in systemic lupus erythematosus:
A population-based cohort study. Lupus. 23(14), 1546-1552 (2014).
12. Hastings, M. C. et al. Life expectancy for patients from the southeastern United States with IgA nephropathy. Kidney Int. Rep. 3(1),
99-104 (2018).
13. Hu, R. et al. Spectrum of biopsy proven renal diseases in Central China: A 10-year retrospective study based on 34,630 cases. Sci.
Rep. 10(1), 10994 (2020).
14. Parichatikanond, P. et al. An analysis of 3,555 cases of renal biopsy in Thailand. J. Med. Assoc. Thai. 89(Suppl 2), S106-S111 (2006).
15. Brugnano, R., Del Sordo, R., Covarelli, C., Gnappi, E. & Pasquali, S. IgM nephropathy: Is it closer to minimal change disease or to
focal segmental glomerulosclerosis?. . Nephrol. 29(4), 479-486 (2016).
16. Woo, K. T. et al. A global evolutionary trend of the frequency of primary glomerulonephritis over the past four decades. Kidney
Dis. (Basel). 5(4), 247-258 (2019).
17. Kitiyakara, C., Kopp, J. B. & Eggers, P. Trends in the epidemiology of focal segmental glomerulosclerosis. Semin. Nephrol. 23(2),
172-182 (2003).
18. Heher, E. C., Rennke, H. & Laubach, J. P. Richardson PGJCjotASoNC. Kidney Dis. Multiple Myeloma 8(11), 2007-2017 (2013).
19. Sethi, S., De Vriese, A. S. & Fervenza, F. C. Acute glomerulonephritis. Lancet. 399(10335), 1646-1663 (2022).
20. Lee, H. et al. Mortality and renal outcome of primary glomerulonephritis in Korea: Observation in 1,943 biopsied cases. Am. J.
Nephrol. 37(1), 74-83 (2013).
21. Selby, N. M. & Taal, M. W. An updated overview of diabetic nephropathy: Diagnosis, prognosis, treatment goals and latest guide-
lines. Diabetes Obes. Metab. 22(Suppl 1), 3-15 (2020).
22. Agarwal, R,, Bunaye, Z., Bekele, D. M. & Light, R. P. Competing risk factor analysis of end-stage renal disease and mortality in
chronic kidney disease. Am. J. Nephrol. 28(4), 569-575 (2008).
23. Haider, D. G. et al. Kidney biopsy results versus clinical parameters on mortality and ESRD progression in 2687 patients with
glomerulonephritis. Eur. J. Clin. Investig. 44(6), 578-586 (2014).
24. Heaf, ]. G., Sorensen, S. S. & Hansen, A. Increased incidence and improved prognosis of glomerulonephritis: A national 30-year
study. Clin. Kidney J. 14(6), 1594-1602 (2021).
25. Tan, H. Z. et al. Native kidney biopsies in older adults: Disease spectrum, long-term kidney and patient survival and safety. Int.
Urol. Nephrol. 54(9), 2365-2373 (2022).

Scientific Reports |

(2023) 13:19119 | https://doi.org/10.1038/s41598-023-46268-9 nature portfolio



www.nature.com/scientificreports/

26. Chou, Y. H. et al. Clinical outcomes and predictors for ESRD and mortality in primary GN. Clin. J. Am. Soc. Nephrol. 7(9),
1401-1408 (2012).

27. Sim, J. ]. et al. End-stage renal disease and mortality outcomes across different glomerulonephropathies in a large diverse US
population. Mayo Clin. Proc. 93(2), 167-178 (2018).

28. Global, regional, and national burden of chronic kidney disease, 1990-2017: A systematic analysis for the Global Burden of Disease
Study 2017. Lancet. 395(10225), 709-33 (2020).

29. Heaf, J., Lokkegaard, H. & Larsen, S. The epidemiology and prognosis of glomerulonephritis in Denmark 1985-1997. Nephrol.
Dial. Transplant. 14(8), 1889-97 (1999).

30. Wen, C. P. et al. Diabetes with early kidney involvement may shorten life expectancy by 16 years. Kidney Int. 92(2), 388-396 (2017).

31. Canney, M. et al. The risk of cardiovascular events in individuals with primary glomerular diseases. Am. J. Kidney Dis. 80(6),
740-750 (2022).

32. Levey, A. S. et al. A new equation to estimate glomerular filtration rate. Ann. Intern. Med. 150(9), 604-612 (2009).

33. Rohan, J. Heptinstall's pathology of the kidney. J. Clin. Pathol. 68(3), 252 (2015).

34. Sethi, S. & Fervenza, F. C. Standardized classification and reporting of glomerulonephritis. Nephrol. Dial Transplant. 34(2), 193-199
(2019).

35. Nester, C. M. & Falk, R. J. Introduction: Glomerular disease update for the clinician. Clin. J. Am. Soc. Nephrol. CJASN. 11(9),
1662-1663 (2016).

36. Jiang, S., Chuang, P. Y., Liu, Z. H. & He, J. C. The primary glomerulonephritides: A systems biology approach. Nat. Rev. Nephrol.
9(9), 500-512 (2013).

37. Fanouriakis, A. et al. 2019 Update of the Joint European League Against Rheumatism and European Renal Association-European
Dialysis and Transplant Association (EULAR/ERA-EDTA) recommendations for the management of lupus nephritis. Ann. Rheum.
Dis. 79(6), 713-723 (2020).

38. Pifarré i Arolas, H., Acosta, E., Lopez-Casasnovas, G., Lo, A., Nicodemo, C. & Riffe, T., et al. Years of life lost to COVID-19 in 81
countries. Sci. Rep. 11(1):3504 (2021).

39. Institute for Population and /social Research MU. Mahidol Population Gazette (2021).

40. Fine, J. P. & Gray, R. J. A proportional hazards model for the subdistribution of a competing risk. J. Am. Stat. Assoc. 94(446),
496-509 (1999).

Acknowledgements
The authors would like to thank all staff and fellows at Ramathibodi Hospital for inclusion of their patients.

Author contributions

C.J.: Data acquisition; Database management; Analysis, 1st draft; manuscript writing; S.W.: Read pathology; M.A.:
Study Concept; Analysis; 1st Draft; manuscript writing. A.N.: Analysis; Manuscript writing. S.T.: Data acquisi-
tion; manuscript writing. U.U.: Analysis; Manuscript writing. S.W.: Data acquisition; Database management;
manuscript writing. N.P.: Data acquisition; Database management; manuscript writing. A.L: Data acquisition;
manuscript writing. S.D.: Data acquisition; manuscript writing. V.S.: Data acquisition; manuscript writing. W.A.:
Analysis; Manuscript writing. P.C.: Pathology supervisor; Manuscript writing. C.K.: Study Concept; Analysis,
manuscript writing; Corresponding author. All authors read and approved Final draft.

Funding
This study was supported by funding from Ramathibodi Hospital. The funder had any role in study design; collec-
tion, analysis, and interpretation of data; writing the report; and the decision to submit the report for publication.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to C.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:19119 | https://doi.org/10.1038/s41598-023-46268-9 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Years of life lost and long-term outcomes due to glomerular disease in a Southeast Asian Cohort
	Results
	Death
	ESKD
	Combined events
	Years of life lost
	Median YLL
	Total YLL of each GD

	Premature death before age 60

	Discussion
	Methods
	Study design
	Study population
	Histology
	Follow-up and outcomes
	Years of life lost
	Premature life lost before age 60
	Statistical analysis

	References
	Acknowledgements


