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Introduction

Decreased renal function is among the key features of 
multiple myeloma (MM). Renal failure is one of the CRAB 
criteria (hypercalcemia, renal failure, anemia, and bony  
lesions) that represents end organ damage and defines clini-
cally significant MM or active MM [1]. Around 20%-30% 
of myeloma patients present with renal failure (defined as  
serum creatinine higher than 2.0 mg/dL) at the time of ini-
tial diagnosis [2-4]. Presence of renal failure at MM diagnosis 
used to be associated with poor prognosis until novel thera-
pies such as bortezomib changed this significantly [5-7].

Urine dipstick is an inexpensive screening tool that detects 
albuminuria, an evidence of glomerular damage, although 
it has low sensitivity to Bence-Jones protein, a monoclonal 
immunoglobulin light chain. Bence-Jones protein is another 

important feature of MM, and the Durie-Salmon staging 
system for MM includes the level of Bence-Jones protein [8]. 
As monoclonal gammopathy of undetermined significance 
(MGUS) progresses to MM, monoclonal gammopathy-relat-
ed glomerular lesions with decreased renal function and/or 
proteinuria may precede active MM diagnosis.

When renal impairment is present at MM diagnosis, it is 
often thought to be the result of MM. However, prior stud-
ies raised the possibility that chronic kidney disease (CKD) 
may potentially facilitate development of cancers including 
MM [9]. Mok et al. [10,11] showed that CKD is associated 
with increased cancer mortality attributed to various types 
of cancers including MM. While there was higher incidence 
of MM in patients with low estimated glomerular filtration 
rate (eGFR) (< 45 mL/min/1.73 m2 vs. ≥ 45 mL/min/1.73 
m2) and dipstick proteinuria (1+ to 4+ vs. undetectable to 
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trace), the total number of MM cases was only 107, limiting 
conclusion of a dose-response relationship and joint effects of 
eGFR and proteinuria.

In this study, we utilized the National Health Information 
Research Database (NHIRD), which is a large-scale, national 
database in South Korea, to investigate the relationship bet-
ween renal impairment and future development of MM.  

Materials and Methods

1. Study cohort
A retrospective cohort was created using the database of 

the National Health Insurance Service (NHIS). The NHIS 
is operated by the South Korean government, and every  
Korean national (50 million) is mandated to enroll. The NHIS 
is the lone insurer in the country and manages all the admin-
istrative processes of national health insurance. Medical ser-
vice providers are largely private (~90%), and their medical 
services are reimbursed by the NHIS mainly on a fee-for-ser-
vice payment scheme. Reimbursement requires submission 
of information including date of service; diagnostic codes 
based on the International Classification of Diseases, 10th revi-
sion (ICD-10); tests and procedures performed; and details of 
issued prescriptions.  

The NHIS also provides free health screening services to 
all enrollees aged 40 and above and all employees regard-
less of age. In addition, NHIS provides annual screenings 
for workers in physical labor jobs. This screening program 
is mainly focused on cardiovascular risk screening and has 
included the following items since 2009: anthropometric 
measurements (blood pressure, height, weight, and waist 
circumference), laboratory tests (blood glucose, lipid profile, 
liver enzymes, serum creatinine, and dipstick proteinuria 
test from random urine), and a self-reported questionnaire 
on medical history and health behaviors (smoking, alcohol 
consumption, and physical activities), as previously pub-
lished [12]. Blood samples were drawn after an overnight 
fast, and fresh, midstream urine samples were collected in 
the morning. Medical institutions and laboratories must be 
certified by the NHIS for quality control procedures to be  
reimbursed for their health screening programs.

2. Data source
In this study, we used the NHIRD of the NHIS, compris-

ing a complete set of health information of all Korean peo-
ple, linked by unique personal identifiers and includes an 
eligibility database containing demographic information on 
age, sex, place of residence, and income level; a health claims  
database containing medical diagnoses and treatment infor-
mation (diagnosis code, tests, procedures, and prescriptions); 

and a health screening database. Mortality data are regularly 
updated by linking with vital statistics from the National 
Statistical Office. The NHIRD is accessible for research pur-
poses after anonymization, with study protocol review and 
approval by the NHIS and has been used for various epide-
miologic studies, including those investigating risk factors of 
various cancers. Detailed information about the NHIRD can 
be accessed from the NHIRD website (https://www.nhiss.
nhis.or.kr), and its data structure was previously described 
[13-15]. 

3. Study population
All people who participated in the health screening pro-

gram were eligible. Among 10,505,818 subjects who partici-
pated in health screenings in 2009, subjects who were < 20 
years (n=15,317); had MM (n=358), other cancers (n=157,964), 
or end-stage renal disease (ESRD, n=8,127) before the screen-
ing date; and had missing or abnormal test results or ques-
tionnaire responses (n=514,676) were excluded. ESRD was 
operationally defined as receipt of renal replacement ther-
apy (i.e., peritoneal dialysis or hemodialysis) and/or renal 
transplantation with the ICD-10 diagnosis code for ESRD, as 
shown in a previous study [16]. The remaining 9,809,376 sub-
jects were included in the current analysis (S1 Fig.). 

4. Exposure: eGFR and dipstick proteinuria 
Estimated GFR was calculated using the Modification of 

Diet in Renal Disease equation [17].
Estimated GFR (mL/min/1.73 m2)=175× (Scr–1.154)×Age–0.203× 

(0.742 if female)
For the analysis, eGFR was dichotomized at 60 mL/

min/1.73 m2 and was also categorized into five levels (< 30, 
30-59, 60-89, 90-119, ≥ 120) based on stage of CKD [18]. Dip-
stick proteinuria was reported as six grades: absent, trace (±), 
1+, 2+, 3+, and 4+, which correspond to urine protein levels 
of undetectable, 10 mg/dL, 30 mg/dL, 100 mg/dL, 300 mg/
dL, and 1,000 mg/dL, respectively. As the numbers of par-
ticipants with 3+ and 4+ proteinuria were small, they were 
combined for analyses. 

5. Follow-up and study outcomes
The study population was followed from health screening 

date (baseline) to incidence of MM, death, or until the last fol-
low-up date (December 31, 2017), whichever came first. Inci-
dent MM was defined as new claims for inpatient or outpa-
tient care with diagnosis code MM (ICD-10, C90.0) linked to 
registration for the copayment reduction program. In Korea, 
all registered cancer patients receive additional discounts in 
copayments, and most eligible patients are expected to be 
captured correctly. 
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6. Covariates
Body mass index (BMI) was classified into underweight  

(< 18.5 kg/m2), normal (18.5-22.9 kg/m2), overweight (23-
24.9 kg/m2), obese (25-29.9 kg/m2), and severely obese  
(≥ 30 kg/m2) according to the Asia-Pacific criteria of the 
World Health Organization [19]. Smoking status was classi-
fied as none, past, or current smoker, and alcohol consump-
tion as none, mild, or heavy drinker (≥ 30 g of alcohol per 
day). Regular exercise was defined as performing strenuous 
physical activity for at least 20 minutes more than once a 
week. Income was classified into quartiles. 

Hypertension was defined as either ICD-10 codes I10-I11, 
with at least one prescription of an antihypertensive agent or 
systolic/diastolic blood pressure ≥ 140/90 mmHg at health 
screening; diabetes as ICD-10 codes E10-14 with at least one 
prescription of antidiabetic medication or fasting glucose 
level ≥ 126 mg/dL; and dyslipidemia as ICD-10 code E78 
with at least one prescription of lipid-lowering agent or total 
cholesterol ≥ 240 mg/dL. 

7. Statistical analysis
Baseline characteristics were described as mean±standard 

deviation or number and percentage, and statistical differ-
ences were tested by Student’s t test and chi-square test. 
Incidence rates for MM were calculated per 100,000 person-
years. The Cox proportional hazards model was used to 
evaluate the associations between eGFR and/or dipstick 
proteinuria and incidence of MM (model 1). Multivariate 
models accounted for (1) age and sex (model 2) and (2) age, 
sex, income level, smoking, physical activity, hypertension, 
and diabetes (model 3). Sensitivity analyses were performed 
with a 2-year lag period (i.e., excluding subjects with < 2 
years of follow-up) to minimize the possibility of reverse 
causality (n=9,765,164). 

The interactive effects of eGFR and dipstick proteinuria 
were tested using the joint combination of eGFR and pro-
teinuria categories and were presented as incidence rates 
and hazard ratios based on eGFR 60-89 mL/min/1.73 m2 
and no proteinuria as the reference categories. The potential 
effect modifications by baseline characteristics were evalu-
ated through stratified analysis by age, sex, smoking, BMI, 
and interaction testing using a likelihood ratio test. Statistical 
analyses were carried out using SAS ver. 9.4 (SAS Institute 
Inc., Cary, NC). 

Results

1. Participant demographics
Among a total of 9,809,376 participants, 569,893 (5.8%)  

had eGFR < 60 mL/min/1.73 m2. These participants tended Ta
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to be older, female, and of lower income status. They also 
showed higher prevalence of dipstick proteinuria, hyperten-
sion, diabetes mellitus, and dyslipidemia and higher BMI but 
lower smoking and drinking rates than those who had eGFR 
≥ 60 mL/min/1.73 m2 (Table 1).

2. Incidence of MM by eGFR and level of dipstick protein-
uria 

The general incidence of MM in Korea was 4.8 per 100,000 
person-years, which is comparable to previous reports 
[20,21]. The mean follow-up duration was 99.1 months (8.3 
years). Comparing participants with eGFR below 60 mL/
min/1.73 m2 and above 60 mL/min/1.73 m2, adjusted hazard 
ratio (aHR) for MM was 1.29 (95% confidence interval [CI], 
1.17 to 1.43). When graded into five levels and with eGFR 60-
89 as a reference group, there was a significant dose-response 
relationship at the lower eGFR levels: aHRs were 1.24 (95% 
CI, 1.11 to 1.38) for eGFR 30-59 mL/min/1.73 m2 and 1.49 
(95% CI, 1.16 to 1.89) for eGFR < 30 mL/min/1.73 m2, while 
no decreased risk was observed in the higher eGFR groups 
(Table 2). 

A clear dose-response relationship was also found with  
degree of dipstick proteinuria and incidence of MM; com-
pared to the group with absent proteinuria, the aHRs were 
for MM in the trace group was 1.34 (95% CI, 1.17 to 1.67), 
and 5.46 (95% CI, 2.84 to 10.49) in the severe proteinuria 
group (Table 2). Sensitivity analyses with a 2-year lag period 
showed consistent results, with slight attenuation of the rela-
tive risk estimate (S2 Table).

3. Joint effects of eGFR and dipstick proteinuria 
The joint effects of eGFR and dipstick proteinuria are  

depicted in Fig. 1 and S3 Table as incidence rates and aHRs. 
This generally showed an independent effect on risk of MM, 
and the aHR was highest (7.45; 95% CI, 2.79 to 19.85) at eGFR 
< 30 mL/min/1.73 m2 and dipstick proteinuria 3+ or 4+. 

4. Stratified analysis
When stratified by age, sex, smoking status, and BMI 

level, there was no significant difference in the associations 
 between such variables and MM risk. One exception was 
the statistically significant interaction between eGFR and sex  
(p-value for interaction=0.04) (Figs. 2 and 3, S4 and S5  
Tables).

Discussion

This population-based cohort study involving approxi-
mately 10 million participants and 3,911 incident MM cases 
confirms that reduced eGFR and positive dipstick proteinu-
ria are associated with incident MM. With the largest ever 
data set, we examined dose-response relationships, explored 
the joint effects of eGFR and dipstick proteinuria on MM risk, 
and tested potential interactions with baseline characteris-
tics, i.e., age, sex, smoking status, and BMI level.

Our study showed that people with low eGFR (< 60 mL/
min/1.73 m2) are 1.3 times more strongly associated with 
incident MM than those with higher eGFR. However, there 
was no linear dose-response relationship with higher or low-
er eGFR. A clearer dose-response relationship was observed 

Fig. 1.  Interactive association of estimated glomerular filtration rate (eGFR) and dipstick proteinuria. (A) Incidence of multiple myeloma. 
(B) Adjusted hazard ratio of multiple myeloma. Hazard ratio was adjusted for age, sex, income level, body mass index, smoking status, 
regular exercise, hypertension, diabetes and dyslipidemia. Incidence rate is per 1,000 person-years.
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with positive dipstick proteinuria: even the trace group had 
1.34 times higher aHR for MM, while in the 3+, 4+ group, the 
aHR was as high as 5.46. 

While the observational nature of our study excludes any 
definitive answers about causality, there are two possible  
interpretations. The first and the most plausible explanation 
is that renal impairment caused by monoclonal gammopa-
thy may precede diagnosis of active MM. Most MM cases 
originate from progression of monoclonal gammopathy, 
and active MM is diagnosed when there is evidence of end  
organ damage as defined by the CRAB criteria [1,22].  
Although renal impairment defined as serum creatinine 
higher than 2.0 mg/dL is included in the CRAB criteria, 
current guidelines only recognize renal failure caused by 
light-chain cast nephropathy as a myeloma-defining event 

[23]. However, more than 70% of renal lesions in active MM 
cases are associated with monoclonal protein but may be 
caused via several different mechanisms such as monoclonal  
immunoglobulin deposition disease (MIDD) or amyloid 
light chain (AL) amyloidosis [24]. Recognition of frequent  
renal impairment by monoclonal gammopathy prior to  
development of MM led to definition of a new entity, mono-
clonal gammopathy of renal significance (MGRS) [25-27]. 
MGRS manifests with reduced eGFR and/or proteinuria and 
requires treatment to prevent further damage to the kidneys. 
The current asymptomatic screening cohort with urine dip-
stick positivity without diagnosis of active MM is likely to 
have glomerular lesions, such as MIDD and AL amyloidosis, 
rather than light-chain cast nephropathy, which manifests as 
acute kidney injury and other symptoms of MM.  

Fig. 2.  Interactions between smoking/body mass index (BMI) and estimated glomerular filtration rate (eGFR)/dipstick proteinuria.  
Adjusted hazard ratios for multiple myeloma incidence according to the interactions between eGFR and smoking (A), eGFR and BMI (B), 
urinary dipstick protein and smoking (C), and urine dipstick protein and BMI (D). p-values for interaction are 0.12 (A), 0.22 (B), 0.22 (C), 
and 0.28 (D).
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If the findings of decreased renal function represented 
as low eGFR and/or urine dipstick proteinuria do not lead 
to workups to identify monoclonal gammopathy, MGRS 
or active MM may remain undiagnosed. Thus, it is worth 
mentioning light-chain MM, which is a relatively newly  
described entity comprising 15% of MM. Light-chain MM 
produces monoclonal protein with light chains only. M-
spikes on serum protein electrophoresis and serum immu-
nofixation are frequently negative, and light-chain MM 
cannot be diagnosed without serum-free light chain assays. 
The clinical challenge of light-chain MM is that a high level 
of light chains is nephrotoxic and can cause renal failure.  
Unfortunately, light-chain MM tends to be diagnosed late, 
after renal failure [28]. In diagnosis of MM, comprehensive 
myeloma lab tests including serum-free light-chain assays 

based on clinical suspicion are key. Our current study con-
vincingly shows that albuminuria and/or reduced eGFR 
may be early signs of MGRS or active MM. 

There has been unprecedented improvement in treatment 
outcomes of MM during the last two decades, and this has  
affected the disease management. Previously, because we did 
not have effective myeloma therapies, watchful waiting was 
the standard approach for MGUS and smoldering myeloma 
(SMM). In 2014, the International Myeloma Working Group 
(IMWG) published updated MM diagnostic criteria classify-
ing some previously defined SMM patients as active MM, 
for which they receive myeloma treatment. Need for SMM 
treatment has been the topic of hot debates in the myeloma 
field, and more evidence is amassing for treating SMM [29-
32]. From this perspective, if there is a suspicion that plasma 

Fig. 3.  Interactions between age/sex and estimated glomerular filtration rate (eGFR)/dipstick proteinuria. Adjusted hazard ratios for 
multiple myeloma (MM) incidence according to interactions between eGFR and age (A), eGFR and sex (B), urinary dipstick protein and 
age (C), and urinary dipstick protein and sex (D). p-values for interaction are 0.55 (A), 0.04 (B), 0.22 (C), and 0.54 (D). 
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cell neoplasm may be causing renal impairment, complete 
or more aggressive workups to establish the diagnosis of 
MM or MGRS should be performed, as these conditions will  
require treatment initiation to potentially prevent end organ 
damage and provide more favorable outcomes.

The second possible interpretation is that renal impair-
ment itself may play a role in development of MM. To con-
firm our analysis results, we performed sensitivity analysis 
with a 2-year lag period, and the results were similar to pri-
mary analysis. This suggests a possible causal relationship 
between pre-existing renal impairment and progression of 
monoclonal gammopathy to MM. Although it is not within 
the scope of our study to investigate the mechanism behind 
this potential causal relationship, there are several proposed 
mechanisms regarding how renal impairment may facilitate 
cancer development. Several studies have suggested that 
chronic inflammation and oxidative stress, which are com-
monly seen in the microenvironment of CKD patients, may 
mediate cancer development by influencing the proliferation 
of cells, which eventually can lead to cancer development 
[10,11,33-36]. This is particularly relevant in the pathogen-
esis of MM, because it is well known that pro-inflammatory 
cytokines are critical in growth of myeloma cells [37,38].  
Patients on immune suppression after solid organ transplan-
tation have higher incidences of cancers [39]. Severe renal 
impairment may create a weakened immune status, which 
increases the risk of cancer development [40]. Elucidating the 
mechanism of this potential relationship is critical for devel-
oping future strategies to slow the progression of MM from 
MGUS in patients with renal impairment. For example, it 
would be interesting to investigate whether interventions to 
slow CKD progression or interventions to reduce the level of 
proteinuria can inhibit MM development.

Synergistic action between low eGFR and proteinuria 
was not observed in our study, suggesting the independent  
association of each with MM. In addition, there was no inter-
action between eGFR or proteinuria and baseline character-
istics such as age, sex, smoking, and BMI in development of 
MM. This provides further evidence on the robustness of our 
findings, regardless of participant characteristics. 

Our study has several limitations. First, eGFR is an  
imperfect measure of renal function because serum creati-
nine concentration is influenced by other factors such as age, 
sex, muscle mass, and medications. Second, we do not have 
urine dipstick specific gravity data that would help correct 
urine concentration status. Third, we used single measure-
ments of creatinine and dipstick proteinuria at the time of 
health screening and did not consider their changes over 
time in assessment of MM risk. Our study design does not 
tell us the exact date of CKD detection or the period between 
CKD detection and the MM incidence. Fourth, we do not 

have detailed information on kinds of monoclonal proteins 
and cytogenetics about newly diagnosed MM cases in our 
study. Lastly, findings from our study may not be generaliz-
able to other populations because there are significant differ-
ences in clinical manifestation of MM depending on ethnic 
group. 

In conclusion, our study demonstrates that reduced 
eGFR and positive dipstick proteinuria are associated with 
incident MM. These results suggest that low eGFR and  
albuminuria are either early signs of monoclonal gammopa-
thy, which tends to be unrecognized, or facilitators of MM  
development. Clinicians should screen for monoclonal pro-
tein in patients with reduced renal function and urine dip-
stick proteinuria to diagnose and treat monoclonal gammop-
athy or MM in early stages, which will potentially reduce 
related organ damage and mortality.
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