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Abstract
Purpose  This study investigated whether people with chronic kidney disease (CKD) are at the risk of new-onset type 2 
diabetes.
Methods  A cohort comprising 16,624 people with CKD, and an age- and sex-matched control cohort of 66,496 persons 
without any clinical kidney disease were identified from the Taiwan National Health Insurance Database during the period 
of 2000–2010. Both cohorts were followed up to 2011 to evaluate the incidence and hazard ratio (HR) of developing new-
onset type 2 diabetes. Diseases were identified based on diagnosis coding.
Results  The incidence of type 2 diabetes was 1.51-fold higher in the CKD cohort than in the control cohort (16.9 versus 11.2 
per 1,000 person-years) with an adjusted hazard ratio of 1.17 (95% confidence interval, (CI)1.10–1.24). In the multivariate 
Cox regression model considering the competing-risk death, the adjusted subhazard ratio of type 2 diabetes was 1.30 (95% 
CI1.22–1.38) for the CKD cohort compared to the control cohort.
Conclusions  People with CKD patients are at an increased risk of developing new-onset type 2 diabetes. Close surveillance 
for diabetes should be considered for these people.
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Introduction

Diabetes mellitus, responsible for over 40% of patients start-
ing renal replacement therapy, is a continuously growing 
serious health problem worldwide with a high risk of sub-
sequent morbidity and mortality [1, 2]. People with chronic 

kidney disease (CKD) and diabetes have higher mortality 
risks than those without diabetes [3].

The relationship between insulin resistance and CKD is 
bidirectional. Insulin resistance and concomitant hyperinsu-
linemia may present not only in people with different stages 
of CKD, but also in people with normal glomerular filtra-
tion rate (GFR), irrespective of the type of renal disease [4, 
5]. There is no difference in the mean insulin sensitivity 
indexes among people with different types of renal disease, Tzu-Yuan Wang, Fung-Chang Sung have contributed equally to 
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suggesting that the impairment of renal function rather than 
the specific type of renal disease causes insulin resistance 
[5]. The metabolic abnormalities and uremic toxins might 
contribute to insulin resistance in people with CKD [6, 7]. 
On the other hand, insulin resistance appears to be associ-
ated with worsening renal function [8, 9].

Older age, obesity, insulin resistance, hypertension, phys-
ical inactivity, hepatitis C infection, and chronic inflamma-
tion are shared risk factors for diabetes, associated with the 
development of CKD [8, 10–13]. The unanswered question 
is whether people with CKD but without diabetes are at an 
increased risk of developing diabetes. The aim of this study 
was to evaluate the risk of new-onset type 2 diabetes in peo-
ple with CKD, using the claims data of Taiwan National 
Health Insurance (TNHI).

Methods

Data source

Launched in March 1995, the TNHI Program has covered 
99% of all 23.74 million people in Taiwan since 1996 [14]. 
We used the insurance data to conduct the population-based 
retrospective cohort study to evaluate the diabetic risk 
among people with CKD but without diabetes. Diseases 
were coded using the International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9-CM). 
This study was performed in compliance with guidelines 
of the Declaration of Helsinki and was approved by the 
Research Ethics Committee of China Medical University 
Hospital in Taiwan (CMUH-104-REC2-115). Since this 
study involved retrospective analysis of existing data, con-
sent is not required. All data were de-identified and analyzed 
anonymously.

Sampled cohorts

From the 2000–2010 claims data, we identified patients aged 
18 years and older with newly diagnosed CKD (ICD-9-CM 
codes 581, 582, 585, 587, 403, 404) including nephrotic syn-
drome (ICD-9-CM code 581), without diabetes, as the CKD 
cohort. The first dates of CKD diagnosis for people free of 
diabetes were defined as the index dates. We excluded peo-
ple with the medical history of type 1 diabetes (ICD-9 codes 
250.x1, 250.x3), type 2 diabetes (ICD-9-CM codes 250.x0 
and 250.x2), end-stage renal disease (ESRD) (ICD-9-CM 
code 585.6), renal transplantation (ICD-9-CM codes V42.0, 
996.81), acute pancreatitis (ICD-9 code 577.0), chronic pan-
creatitis (ICD-9 code 577.1), pancreatic cancer (ICD-9 code 
157), impaired fasting glucose or impaired glucose tolerance 
(ICD-9 code 790.2), or gestational diabetes (ICD-9 codes 
648.0, 648.8) at baseline. The index date for comparison 

controls was randomly appointed a month and day with the 
same index year of the matched CKD cases. For each person 
with CKD, four comparison controls were randomly selected 
from individuals without clinical kidney disease and diabe-
tes and were matched by age (every 5 years), gender, and the 
year of index date using the same exclusion criteria. Baseline 
comorbidities, including hyperlipidemia (ICD-9 code 272), 
hypertension (ICD-9 codes 401–405), and obesity (ICD-9 
code 278.0), and medication uses of steroid, diuretics, and 
statin were identified. We defined those who had these medi-
cations for at least 90 days as medication users. Glucocor-
ticoids, diuretics, and statins are medicines which might 
induce hyperglycemia [15, 16]. Thus, uses of these three 
classes of medication were included as covariates. We fol-
lowed both cohorts until the development of type 2 diabetes, 
or censored for death, withdrawal from the TNHI program, 
or the end of December 31, 2011.

Statistical analysis

Demographic characteristics and the prevalence of comor-
bidity were compared between two cohorts. We used Chi-
square test or Fisher exact test to examine categorical vari-
ables and Student’s t test to examine continuous variables. 
The Kaplan–Meier analysis method was used to calculate the 
cumulative incidence of type 2 diabetes for the 2 cohorts, 
and log-rank test was applied to assess the difference. The 
incidence density rates of type 2 diabetes were presented in 
events per 1000 person-years for both cohorts. Univariate 
and multivariate Cox proportion hazards regression analyses 
were used to estimate crude hazard ratios (HRs) and adjusted 
hazard ratios (HRs) of type 2 diabetes and related 95% con-
fidence intervals (CIs) for the CKD cohort compared with 
controls. In addition, because of higher mortality rates in 
people with CKD, we considered deaths as the competing 
risk events and calculated subhazard ratio (SHR) of develop-
ing type 2 diabetes for the CKD cohort.

All analyses were performed using SAS 9.4 (SAS Insti-
tute Inc, Cary, North Carolina), and the Kaplan–Meier sur-
vival curve was plotted using the R software (R Foundation 
for Statistical Computing, Vienna, Austria). A two-tailed p 
value of < 0.05 was considered statistically significant.

Results

We identified 16,624 people with newly diagnosed CKD 
and 66,496 controls as the age- and gender-matched cohorts. 
Both cohorts were composed of 40.9% patients older than 
65 years of age, and 57.1% were men (Table 1). Comorbidi-
ties and medications were more common in the CKD cohort 
than in controls (p < 0.01).
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The mean follow-up periods for estimating incident type 
2 diabetes in CKD and control cohorts were 5.60 ± 3.51 and 
6.32 ± 3.32 years, respectively. The cumulative proportion 
of new-onset type 2 diabetes was 3.1% greater in the CKD 
cohort than in the control cohort (p < 0.001 by log-rank test) 
(Fig. 1).

The overall incidence density of type 2 diabetes was 
1.5-fold higher in the CKD patients than that in controls 
(16.9 versus 11.2 per 1000 person-years) (Table 2). Com-
pared with controls, the adjusted HR of type 2 diabetes 
was 1.17 (95% CI1.10–1.24) for the CKD cohort. People 
with nephrotic syndrome also had a 1.16-fold increased 
risk of type 2 diabetes compared with the controls (95% CI 
1.04–1.30) (data not shown).

The mortality was higher in the CKD cohort than in con-
trols (12.2% (n = 2029) vs. 6.81% (4526); data not shown). 
Table 2 also shows the adjusted subhazard ratio (SHR) of 
developing type 2 diabetes for people with CKD was 1.30 
(95% CI1.22–1.38) after considering the competing risk of 
death.

Table 3 shows variables with significant association 
with the development of type 2 diabetes. The risk increased 
with age (adjusted HR1.01, 95% CI1.01–1.01) and was 
greater in men (adjusted HR1.11, 95% CI1.05–1.16). 
Hyperlipidemia (adjusted HR2.14, 95% CI2.01–2.27), 

hypertension (adjusted HR1.90, 95% CI1.79–2.03), obe-
sity (adjusted HR1.28, 95% CI1.10–1.49), steroid use 
(adjusted HR1.13, 95% CI1.05–1.20), and diuretic use 
(adjusted HR1.88, 95% CI1.77–1.99) were significant fac-
tors for the development of type 2 diabetes. On the other 
hand, the use of statins was associated with a decreased 
risk of developing type 2 diabetes [adjusted HR0.62 (95% 
CI0.58–0.67)].

Table 1   Characteristics compared between chronic kidney disease 
cohort and control cohort

SD standard deviation
a Student’s t test,

Chronic kidney disease p value

No Yes

N = 66,496 N = 16,624

n % N %

Age, years
 20–49 20,740 31.2 5185 31.2 0.95
 50–64 18,564 27.9 4641 27.9
 ≥ 65 27,192 40.9 6798 40.9
 Mean (SD)a 58.3 16.8 58.9 16.7

Gender
 Female 28,600 43.0 7150 43.0 0.97
 Male 37,856 57.0 9474 57.0

Comorbidity
 Hyperlipidemia 15,557 23.4 7048 42.4 < 0.001
 Hypertension 29,484 44.3 12,098 72.8 < 0.001
 Obesity 1033 1.55 456 2.74 < 0.001

Medication
 Steroid use 10,085 15.2 3166 19.0 < 0.001
 Diuretics 9173 13.8 4193 25.2 < 0.001
 Statin 11,734 17.7 5556 33.4 < 0.001

Fig. 1   The cumulative proportion of new-onset type 2 diabetes melli-
tus for the chronic kidney disease cohort and the control cohort with-
out clinical kidney disease

Table 2   Incidence (per 1000 person-years) and hazard ratios of type 
2 diabetes mellitus

cHR crude hazard ratio, aHR adjusted hazard ratio, cSHR crude sub-
hazard ratio, aSHR adjusted subhazard ratio
*p < 0.001
a Adjusted for age, gender, and comorbidity of hyperlipidemia, hyper-
tension, obesity, and medication use of steroid, diuretics and statin

Chronic kidney disease

No Yes

(N = 66,496) (N = 16,624)

All
 No. of event 4692 1578
 Incidence rate 11.2 16.9
 cHR (95% CI) 1 (reference) 1.51 (1.42, 1.60)*
 aHR (95% CI)a 1 (reference) 1.17 (1.10, 1.24)*
 cSHR (95% CI) 1 (reference) 1.69 (1.59, 1.79)*
 aSHRa (95% CI) 1 (reference) 1.30 (1.22, 1.38)*
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Discussion

The present study demonstrated that people with CKD were 
at an elevated risk of new-onset diabetes, independently of 
comorbidities, and medication use. The risk was still present 
among people with nephrotic syndrome.

Insulin resistance in people with CKD has been recog-
nized since decades ago [17]. Using the euglycemic clamp 
technique, DeFronzo et al. found that advanced CKD was 
associated with impairment of insulin-mediated glucose 
metabolism [17]. They suggested that the primary site of 
insulin resistance in people with CKD is located in the 
peripheral tissues. Friedman et al. also discovered that the 
increase in insulin-stimulated glucose transport is impaired 
in isolated skeletal muscle fibers of people with advanced 
CKD presumably by affecting post-receptor signaling path-
way [18]. Possible mechanisms of insulin resistance in peo-
ple with CKD include uremic carbamylation of signaling 
proteins, acidosis, altered apolipoprotein profile, oxidative 
stress, accumulation of free fatty acids, and inflammation 
[6, 7, 19, 20].

Previous studies have shown that insulin resistance exists 
in people with different stages of CKD. Using minimal-
model technique, Fliser at al. found that insulin resistance 
and hyperinsulinemia may present early in the course of 
renal disease, even in people with normal GFR [5]. Their 
study also showed that mean insulin sensitivity index is not 

significantly different between patients with IgA nephropa-
thy and autosomal dominant polycystic kidney disease, and 
it is not correlated with GFR [5]. These findings suggest 
that the impaired renal function rather than the specific type 
of renal disease causes insulin resistance. However, other 
studies reported that the severity of insulin resistance is cor-
related with GFR [6, 21]. Conflicting findings on the cor-
relation between the severity of insulin resistance and GFR 
could be explained by different methods for quantitating 
insulin resistance.

Lorenzo et al. showed that individuals in the upper and 
lower range of GFR are at a higher risk of type 2 diabetes 
[22]. Sahakyan et al. found a positive independent relation-
ship between serum cystatin C and the incidence of type 
2 diabetes [23]. These results are consistent with our find-
ing that CKD might be associated with the development of 
diabetes. On the contrary, Pham et al. showed that although 
lower GFR was associated with insulin resistance, the risk 
of impaired glucose tolerance and new-onset diabetes were 
not increased in older adults [24]. The difference in the study 
populations may explain the different results.

Our data showed that CKD is not the only risk factor 
associated with the development of new-onset type 2 diabe-
tes. Some comorbidities are also contributors of developing 
type 2 diabetes, including hyperlipidemia, hypertension, 
and obesity, which are components of metabolic syndrome. 
These three comorbidities are well-known risk factors relat-
ing to the development of type 2 diabetes [25]. In addition, 
the use of statins was associated with a decreased risk of 
developing new-onset type 2 diabetes. This finding is incon-
sistent with previous studies [16]. The reason of discrepancy 
is unknown.

This study was strengthened by using a large population 
data to investigate the subsequent risk of new-onset type 2 
diabetes in people with CKD. However, the present study 
has several limitations. First, information on personal char-
acteristics, such as body height, body weight, and lifestyle, 
was unavailable in this database. Nevertheless, information 
on obesity was available to be used as a covariate in the data 
analysis based on the ICD diagnosis coding. In addition, the 
association between body mass index and diabetes is weaker 
in Asians than in Europeans [26]. Second, information on 
laboratory data such as levels of plasma glucose, glycated 
hemoglobin, C-reactive protein, and GFR was also unavail-
able. Although laboratory information was unavailable, a 
previous study has reported that the diabetes diagnosis, not 
specific to people with CKD, is valid in this claims data [27]. 
In our study, 75% people with new-onset diabetes received 
hypoglycemic medications when this disorder was diag-
nosed. Thus, the diagnosis of diabetes was reliable. Third, 
both type 2 diabetes and renal impairment can be asympto-
matic for years. It is possible that type 2 diabetes was thus 
undiagnosed for a period of time and caused renal damage 

Table 3   Hazard ratios for type 2 diabetes mellitus in association with 
age, gender, comorbidities, and medication use in univariate and mul-
tivariable Cox regression models

HR hazard ratio
*p < 0.01, **p < 0.001
a Adjusted for age, gender, and comorbidities of hyperlipidemia, 
hypertension, obesity, and medication use of steroid, diuretics, and 
statin

Variable Crude Adjusteda

HR (95% CI) HR (95% CI)

Age, years 1.02 (1.02, 1.02)** 1.01 (1.01, 1.01)**
Gender
 Female 1.00 (Reference) 1.00 (Reference)
 Male 1.07 (1.02, 1.13)* 1.11 (1.05, 1.16)**
 Chronic kidney disease 1.51 (1.42, 1.60)** 1.17 (1.10, 1.24)**

Comorbidity
 Hyperlipidemia 2.17 (2.06, 2.28)** 2.14 (2.01, 2.27)**
 Hypertension 2.51 (2.38, 2.65)** 1.90 (1.79, 2.03)**
 Obesity 1.48 (1.27, 1.72)** 1.28 (1.10, 1.49)**

Medication
 Steroid use 1.54 (1.44, 1.64)** 1.13 (1.05, 1.20)**
 Diuretics 1.97 (1.86, 2.09)** 1.88 (1.77, 1.99)**
 Statin 1.33 (1.26, 1.41)** 0.62 (0.58, 0.67)**
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before a clinical diagnosis is made [28]. In addition, it is 
likely that people with CKD could visit clinics more often 
than controls, receiving diabetes screening more often.

In conclusion, this study showed that people with CKD 
patients were at an elevated risk of developing new-onset 
type 2 diabetes. Close surveillance for diabetes should be 
performed for these people. Life style or pharmacological 
interventions also should be considered for people with 
CKD. Further prospective studies are necessary to confirm 
our findings.

Acknowledgements  This study is supported in part by Grants from 
the Ministry of Health and Welfare, Taiwan (MOHW107-TDU-
B-212-123004), Children’s Hospital of China Medical University 
(DMR-105-041), China Medical University Hospital (DMR-107-026, 
DMR-107-176, and DMR-108-111), Academia Sinica Taiwan Biobank 
Stroke Biosignature Project (BM10601010036), Taiwan Clinical Trial 
Consortium for Stroke (MOST 107-2321-B-039-004), Tseng-Lien Lin 
Foundation, Taichung, Taiwan, Taiwan Brain Disease Foundation, Tai-
pei, Taiwan, and Katsuzo and Kiyo Aoshima Memorial Funds, Japan.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical standards.

Informed consent  For this type of study, formal consent is not required.

References

	 1.	 Renal Data System US, USRDS 2014 Annual Data Report: Atlas 
of Chronic Kidney and End-Stage Renal Disease in the United 
States, National Institue of Health, National Institute of Diabetes 
and Digestive and Kidney Diseases, Bethesda, MD

	 2.	 Shaw JE, Sicree RA, Zimmet PZ (2010) Global estimates of the 
prevalence of diabetes for 2010 and 2030. Diabetes Res Clin Pract 
87(1):4–14. https​://doi.org/10.1016/j.diabr​es.2009.10.007

	 3.	 Wen CP, Chang CH, Tsai MK, Lee JH, Lu PJ, Tsai SP, Wen C, 
Chen CH, Kao CW, Tsao CK, Wu X (2017) Diabetes with early 
kidney involvement may shorten life expectancy by 16 years. Kid-
ney Int. https​://doi.org/10.1016/j.kint.2017.01.030

	 4.	 Becker B, Kronenberg F, Kielstein JT, Haller H, Morath C, Ritz 
E, Fliser D, Group MS (2005) Renal insulin resistance syndrome, 
adiponectin and cardiovascular events in patients with kidney dis-
ease: the mild and moderate kidney disease study. J Am Soc Neph-
rol 16(4):1091–1098. https​://doi.org/10.1681/ASN.20040​90742​

	 5.	 Fliser D, Pacini G, Engelleiter R, Kautzky-Willer A, Prager 
R, Franek E, Ritz E (1998) Insulin resistance and hyperin-
sulinemia are already present in patients with incipient renal 
disease. Kidney Int 53(5):1343–1347. https​://doi.org/10.104
6/j.1523-1755.1998.00898​.x

	 6.	 Kobayashi S, Maesato K, Moriya H, Ohtake T, Ikeda T (2005) 
Insulin resistance in patients with chronic kidney disease. Am J 
Kidney Dis 45(2):275–280

	 7.	 Kraus LM, Traxinger R, Kraus AP (2004) Uremia and insulin 
resistance: N-carbamoyl-asparagine decreases insulin-sensitive 
glucose uptake in rat adipocytes. Kidney Int 65(3):881–887. 
https​://doi.org/10.1111/j.1523-1755.2004.00456​.x

	 8.	 Cheng HT, Huang JW, Chiang CK, Yen CJ, Hung KY, Wu 
KD (2012) Metabolic syndrome and insulin resistance as risk 
factors for development of chronic kidney disease and rapid 
decline in renal function in elderly. J Clin Endocrinol Metab 
97(4):1268–1276. https​://doi.org/10.1210/jc.2011-2658

	 9.	 Nerpin E, Riserus U, Ingelsson E, Sundstrom J, Jobs M, Larsson 
A, Basu S, Arnlov J (2008) Insulin sensitivity measured with 
euglycemic clamp is independently associated with glomeru-
lar filtration rate in a community-based cohort. Diabetes Care 
31(8):1550–1555. https​://doi.org/10.2337/dc08-0369

	10.	 Kazancioglu R (2013) Risk factors for chronic kidney disease: 
an update. Kidney Int Suppl (2011) 3(4):368–371. https​://doi.
org/10.1038/kisup​.2013.79

	11.	 Harding AH, Griffin SJ, Wareham NJ (2006) Population impact 
of strategies for identifying groups at high risk of type 2 diabe-
tes. Prev Med 42(5):364–368. https​://doi.org/10.1016/j.ypmed​
.2006.01.013

	12.	 Hu FB, Meigs JB, Li TY, Rifai N, Manson JE (2004) Inflamma-
tory markers and risk of developing type 2 diabetes in women. 
Diabetes 53(3):693–700

	13.	 Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM (2001) 
C-reactive protein, interleukin 6, and risk of developing type 2 
diabetes mellitus. JAMA 286(3):327–334

	14.	 Lu JF, Hsiao WC (2003) Does universal health insurance make 
health care unaffordable? Lessons from Taiwan. Health Aff 
(Millwood) 22(3):77–88

	15.	 Luna B, Feinglos MN (2001) Drug-induced hyperglycemia. 
JAMA 286(16):1945–1948

	16.	 Shah RV, Goldfine AB (2012) Statins and risk of new-onset 
diabetes mellitus. Circulation 126(18):e282–e284. https​://doi.
org/10.1161/CIRCU​LATIO​NAHA.112.12213​5

	17.	 DeFronzo RA, Alvestrand A, Smith D, Hendler R, Hendler 
E, Wahren J (1981) Insulin resistance in uremia. J Clin Invest 
67(2):563–568. https​://doi.org/10.1172/JCI11​0067

	18.	 Friedman JE, Dohm GL, Elton CW, Rovira A, Chen JJ, Leg-
gett-Frazier N, Atkinson SM Jr, Thomas FT, Long SD, Caro JF 
(1991) Muscle insulin resistance in uremic humans: glucose 
transport, glucose transporters, and insulin receptors. Am J 
Physiol 261(1 Pt 1):E87–E94

	19.	 Axelsson J (2008) The emerging biology of adipose tissue in 
chronic kidney disease: from fat to facts. Nephrol Dial Trans-
plant 23(10):3041–3046. https​://doi.org/10.1093/ndt/gfn37​6

	20.	 Vaziri ND, Liang K (1996) Down-regulation of tissue lipopro-
tein lipase expression in experimental chronic renal failure. 
Kidney Int 50(6):1928–1935

	21.	 Chen J, Muntner P, Hamm LL, Fonseca V, Batuman V, Whel-
ton PK, He J (2003) Insulin resistance and risk of chronic 
kidney disease in nondiabetic US adults. J Am Soc Nephrol 
14(2):469–477

	22.	 Lorenzo C, Nath SD, Hanley AJ, Abboud HE, Gelfond JA, 
Haffner SM (2009) Risk of type 2 diabetes among individu-
als with high and low glomerular filtration rates. Diabetologia 
52(7):1290–1297. https​://doi.org/10.1007/s0012​5-009-1361-4

	23.	 Sahakyan K, Lee KE, Shankar A, Klein R (2011) Serum cystatin 
C and the incidence of type 2 diabetes mellitus. Diabetologia 
54(6):1335–1340. https​://doi.org/10.1007/s0012​5-011-2096-6

	24.	 Pham H, Robinson-Cohen C, Biggs ML, Ix JH, Mukamal KJ, 
Fried LF, Kestenbaum B, Siscovick DS, de Boer IH (2012) 
Chronic kidney disease, insulin resistance, and incident diabe-
tes in older adults. Clin J Am Soc Nephrol 7(4):588–594. https​
://doi.org/10.2215/CJN.11861​111

https://doi.org/10.1016/j.diabres.2009.10.007
https://doi.org/10.1016/j.kint.2017.01.030
https://doi.org/10.1681/ASN.2004090742
https://doi.org/10.1046/j.1523-1755.1998.00898.x
https://doi.org/10.1046/j.1523-1755.1998.00898.x
https://doi.org/10.1111/j.1523-1755.2004.00456.x
https://doi.org/10.1210/jc.2011-2658
https://doi.org/10.2337/dc08-0369
https://doi.org/10.1038/kisup.2013.79
https://doi.org/10.1038/kisup.2013.79
https://doi.org/10.1016/j.ypmed.2006.01.013
https://doi.org/10.1016/j.ypmed.2006.01.013
https://doi.org/10.1161/CIRCULATIONAHA.112.122135
https://doi.org/10.1161/CIRCULATIONAHA.112.122135
https://doi.org/10.1172/JCI110067
https://doi.org/10.1093/ndt/gfn376
https://doi.org/10.1007/s00125-009-1361-4
https://doi.org/10.1007/s00125-011-2096-6
https://doi.org/10.2215/CJN.11861111
https://doi.org/10.2215/CJN.11861111


712	 International Urology and Nephrology (2019) 51:707–712

1 3

	25.	 Hanson RL, Imperatore G, Bennett PH, Knowler WC (2002) 
Components of the “metabolic syndrome” and incidence of type 
2 diabetes. Diabetes 51(10):3120–3127

	26.	 Huxley R, James WP, Barzi F, Patel JV, Lear SA, Suriyawong-
paisal P, Janus E, Caterson I, Zimmet P, Prabhakaran D, Reddy 
S, Woodward M, Obesity in Asia C (2008) Ethnic comparisons of 
the cross-sectional relationships between measures of body size 
with diabetes and hypertension. Obes Rev 9(Suppl 1):53–61. https​
://doi.org/10.1111/j.1467-789X.2007.00439​.x

	27.	 Lin CC, Lai MS, Syu CY, Chang SC, Tseng FY (2005) Accuracy 
of diabetes diagnosis in health insurance claims data in Taiwan. J 
Formos Med Assoc 104(3):157–163

	28.	 Gatwood J, Chisholm-Burns M, Davis R, Thomas F, Potuku-
chi P, Hung A, Kovesdy CP (2018) Evidence of chronic kidney 
disease in veterans with incident diabetes mellitus. PLoS ONE 
13(2):e0192712. https​://doi.org/10.1371/journ​al.pone.01927​12

https://doi.org/10.1111/j.1467-789X.2007.00439.x
https://doi.org/10.1111/j.1467-789X.2007.00439.x
https://doi.org/10.1371/journal.pone.0192712

	Increased risk of new-onset type 2 diabetes in people with chronic kidney disease
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Data source
	Sampled cohorts
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References


