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Abstract

Background

We recently reported a relationship between plasma levels of cystatin C and incidence of
the metabolic syndrome (MetS) among the first 2,369 subjects who participated in the re-
examination study of the population-based Malmé and Diet Cancer Cardiovascular cohort
(MDC-CC-re-exam). In this study we aimed to replicate these results and also investigate if
cystatin C was causally associated with MetS and diabetes.

Methods

We estimated the effect size of the strongest GWAS derived cystatin C SNP (major allele of
rs13038305) on plasma cystatin C in the now completed MDC-CC-re-exam (n = 3,734) and
thereafter examined the association between plasma cystatin C (403 cases of diabetes and
2665 controls) as well as rs13038305 (235 cases and 2425 controls) with incident diabetes.
The association of rs13038305 and incident MetS (511 cases of MetS and 1980 controls)
was similarly investigated in the whole MDC-CC-re-exam. We also attempted to replicate
our previously shown association of cystatin C with incident MetS in subjects from the
MDC-CC-re-exam (147 cases and 711 controls) that were not included in our previous
report.

Results

In the entire MDC-CC-re-exam, each copy of the major allele of rs13038305 was associated
with approximately 0.30 standard deviation (SD) higher plasma concentration of cystatin C

(B =0.33, p=4.2E2%) in age and sex adjusted analysis. Cystatin C in plasma was not associ-
ated with incident diabetes after adjustment for known diabetes risk factors (OR per 1 SD
increment 0.99 (0.86—1.13), p = 0.842). In the replication cohort of MDC-CC-re-exam, the OR
(95% Cil) for incident MetS in subjects belonging to quartiles 1, 2, 3 and 4 of plasma cystatin
C levels was 1.00 (reference), 1.21 (0.70-2.07), 1.62 (0.95-2.78) and 1.72 (1.01-2.93)
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(ptrena = 0.026) in age and sex adjusted analysis. In the entire MDC-CC-re-exam the odds
ratio for incident MetS and diabetes per copy of the major rs13038305 allele was 1.13, (0.95—
1.34), p=0.160 and 1.07, 95% C1 0.89-1.30, p = 0.478, respectively.

Conclusion

We were able to replicate our previously shown association between high levels of cystatin
C and increased risk of future development of MetS. However, a causal involvement of
cystatin C in the etiology of MetS or diabetes seems unlikely since genetic elevation of
plasma cystatin C was not significantly related to incidence of these diseases.

Introduction

Cystatin C, an established sensitive marker of glomerular filtration [1], has also been widely
recognized as a strong predictor of cardiovascular disease (CVD) [2-5], this even in popula-
tions within apparently normal ranges of renal function [6, 7]. In addition, both cross-sectional
and prospective studies have identified cystatin C to be associated with metabolic risk factors
[8-11] as well as the incidence of the metabolic syndrome (MetS) [12] and diabetes [13, 14].
However, although these studies indicate that cystatin C might serve as a marker of disease sus-
ceptibility, cystatin C's causal involvement and directionality of any causal effect on these dis-
eases is yet to be proven. The biological mechanisms behind a possible influence of the cystatin
C metabolism on CVD, MetS and diabetes risk are unclear.

In this study we performed a re-examination of the population-based Malmo Diet and Can-
cer (MDC) study cardiovascular cohort (MDC-CC) 17 years after the baseline examination
(MDC-CC-re-exam), and tested the hypothesis that a high baseline plasma level of cystatin C
was associated with the development of the MetS and diabetes during long-term follow-up. To
test whether any association between cystatin C and the MetS was driven by any individual
components of MetS, baseline plasma level of cystatin C was related to the incidence of each of
the five different components. Furthermore, since genome-wide association studies (GWAS)
for genetic determinants of cystatin C have identified the strongest signal of the genome associ-
ating with variation of plasma concentration of cystatin C at the cystatin C locus on chromo-
some 20, represented by the single nucleotide polymorphism (SNP) rs13038305 [15], we set
out to investigate if there was a causal association between cystatin C and glucometabolic dis-
ease by relating rs13038305 (major allele) to the development of MetS and diabetes.

Material and Methods

Study Sample

The MDC study is a population-based study that enrolled 28,449 individuals between 1991
and 1996 [16]. During the years of 1991-1994 a random sample of the study subjects were
selected to study the epidemiology of carotid artery disease (n = 6103) and this sample is
referred to as the MDC-CC. Fasting plasma samples were obtained in 5,405 subjects in the
MDC-CC. [17] We have previously published results from the at that time on-going re-exami-
nation study of the MDC-CC, where we re-examined 2,369 subjects of these 5,405 subjects
between January 2007 and March 2010. This study cohort was used to investigate cystatin C
association with MetS and these data have been reported for previously [12]. Between April
2010 and January 2012 this re-examination was finished including an additional 1,365 subjects
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again using the same protocol similar to that applied at the baseline exam but with addition of
a 75 gram oral glucose tolerance test with measurement of plasma glucose fasted at time 0 min
and after 120 min (Fig 1). Of them, 967 subjects had complete data of all covariates (age, sex,
waist circumference (waist), systolic blood pressure (SBP), diastolic blood pressure (DBP),
high density lipoprotein (HDL), triglycerides (TG), anti hypertensive treatment (AHT) and
cystatin C measurements in plasma at baseline) and were also successfully genotyped for
rs13038305 and these subjects (MDC-CC-re-examination-replication-cohort) were used as a
replication cohort to validate our previous findings showing that increased plasma levels of
cystatin C is associated with increased risk of MetS.

Of the 967 subjects (MDC-CC-re-examination-replication-cohort), 109 subjects had preva-
lent MetS at the baseline examination, resulting in a total of 858 subjects (147 cases and 711
controls) for the analysis of incident MetS. In analyses of the incidence of the five subcompo-
nents of the MetS, patients with of each of the five separate MetS criteria at the baseline exami-
nation were excluded separately, resulting in 878 subjects (285 cases and 593 controls) with
complete data for the analysis of incident large waist circumference (abdominal obesity), 745
subjects (82 cases and 663 controls) for reduced HDL levels, 807 subjects (25 cases and 782
controls) for elevated TG levels, 927 subjects (295 cases and 632 controls) for elevated glucose
levels and only 350 subjects (169 cases and 181 controls) for incidence of elevated blood pres-
sure (this was due to the high prevalence of elevated blood pressure according to National Cho-
lesterol Education Program (NCEP) criteria at the baseline examination). The mean follow-up
time for all these subgroups was 18+1 years.

The whole MDC-CC re-examination cohort (re-examined from January 2007 to January
2012) consisted of 3,734 subjects, (mean follow-up time was 17+1 years) (Fig 1) and, of these
3,151 had complete data of all covariates (age, sex, waist, SBP, DBP, HDL, TG, AHT and had
valid cystatin C measurements in plasma).

Since we had not previously examined plasma cystatin C’s association with incident and
prevalent diabetes, this cohort of 3,151 subjects was used for the study of such possible associa-
tions. Of the 3,151 subjects, 83 had prevalent diabetes at the baseline examination, resulting in
a total of 3,068 subjects (403 cases and 2,665 controls) for the analysis of incident diabetes. The
mean follow-up time was 17+1 years. We also investigated plasma cystatin C association with
incident MetS in the entire MDC-re-examination cohort excluding patients with prevalent
MetS at baseline (n = 442), leaving subjects 2709 subjects (562 incident MetS cases and 2147
controls). The mean follow-up time was 17+1 years. rs13038305 was successfully genotyped in
2,900 of these subjects with full data of all covariates. Of these 409 had prevalent MetS at base-
line leaving 2491 subjects (511 cases and 1980 controls) for the study of the major allele of
rs13038305 association with incident MetS. The mean follow-up time was 17+1 years. Finally
of the 2,900 successfully genotyped subjects with full data of all covariates, 79 had prevalent
diabetes at baseline leaving 2821 subjects (366 cases and 2455 controls) for the study the major
allele of rs13038305 association of incident diabetes with a mean follow up time of 17+1 years.
All participants provided written informed consent, and the ethical committee at Lund Univer-
sity, Lund, Sweden approved the study.

Clinical Assessment

Clinical characteristics of the MDC-CC-re-examination-replication-cohort at the baseline
examination are shown in Table 1 and that of the entire MDC-CC-re-examination-cohort in
Table A in S1 File. Participants underwent a physical examination with standardized medical
history and laboratory assessment. Blood pressure was obtained after resting for 10 min in the
supine position using the Omron™ automatic device. We calculated body mass index (BMI) as
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Fig 1. Flow chart describing the study-populations.
doi:10.1371/journal.pone.0155735.g001

weight in kilograms divided by the square of the height in meters. Hypertension was defined as
SBP >140 mmHg or diastolic blood pressure >90 mmHg, or use of AHT. The examination
protocol performed by a trained research assistant included measurement of maximal waist
circumference, fasting plasma glucose (FPG), fasting plasma insulin, fasting TGs, cholesterol,
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Table 1. Baseline characteristics of the study participants in the MDC-CC-re-examination-replication-
cohort by prevalence of the metabolic syndrome.

n Subjects with prevalent MetS 109 Subjects without MetS 858
Age (years) 55.6+5.6 55.1£5.3
Sex (% women) 58.7 65.1
Current smoker (%) 22.0 22.7

BMI (kg/m?) 29.1+4.6 24.743.2
Waist circumference (cm) 93.7+11.9 79.7£10.7
Systolic BP (mmHg) 144.0+13.8 136.0+17.1
Diastolic BP (mmHg) 90.7+8.6 84.9+8.7
Antihypertensive medication* (%) 24.8 9.0
Hypertension (%) 68.8 36.9
F-glucose (mmol/L) 5.7¢1.5 4.9+0.8
T-cholesterol (mmol/L) 6.5£1.0 6.0£1.1
LDL (mmol/L) 4.3+0.9 4.0£1.0
TGs (mmol/L) 2.3+1.0 1.1+£0.5
HDL (mmol/L) 1.1£0.2 1.540.4
Cystatin C (mg/L) 0.840.1 0.7+0.1
Diabetes (%) 10.1 15

BMI, body mass index; BP, blood pressure; F, fasting; T, total; TGs, triglycerides; MetS, metabolic
syndrome. Values are mean (+ SD) or frequency in percentage.

* Hypertension is defined as blood pressure above 140/90 mmHg or the use of antihypertensive
medication.

doi:10.1371/journal.pone.0155735.t001

low density lipoprotein (LDL) cholesterol and high density lipoprotein (HDL). Medical history
and current medication were retrieved by a self-administered questionnaire.

Laboratory Assays

All analyses in plasma and whole blood were performed using overnight fasting samples. Anal-
yses of fasting plasma lipids, FBG (baseline examination) and FPG (re-examination) were car-
ried out at the Department of Clinical Chemistry, Skine University Hospital in Malmo, which
is part of a national standardization and quality control system. Levels of plasma cystatin C
were measured using a particle-enhanced immunonephelometric assay (N Latex Cystatin;
Dade Behring, Deerfield, Illinois) and presented in mg/L. The assay has an intraindividual coef-
ficient of variation of 7.7% percent. The range of detection of the assay is 0.195 to 7.330 mg per
liter, with the reference range for young, healthy persons reported as 0.53 to 0.95 mg per liter.
eGFR was assessed with the formulae of Cockroft-Gault creatinine clearance (mL/min/1.73
m2) = (140-age) x weight in kg x 1.23 / P-creatinine (x 0.85 if female) (CG) [18].

Genotyping

DNA was extracted from frozen granulocytes or buffy coats with the use of QIAamp-96 spin
blood kits (QIAGEN, Stockholm, Sweden) at the DNA extraction facility supported by SWE-
GENE. We successfully genotyped the plasma cystatin C associated SNP rs13038305 at the
cystatin C locus on chromosome 20 in 3,105 subjects of the MDC-CC-re-exam using Taq-
Man™ Assay by Design primers and probes, with a real-time PCR assay using the ViiA7 equip-
ment (Applied Biosystems, Foster City, CA, USA) according to the manufacturer’s instructions
[19]. As this cohort has been analyzed with a GWAS (HumanOmniExpressBeadChip and
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iScan system (Illumina, San Diego, CA, USA)) we were able to check for concordance between
the TagMan based and GWAS-based method, which showed more than 99.5% concordance.

Definition of MetS

The MetS was defined according to the Third Report of the NCEP (NCEP-ATP-III) [20]. We
intentionally did not test the revised NCEP-ATP III (i.e. AHA/NHLBI) definition as most
recent studies have applied the unrevised version, and in fact the difference between the two
definitions is minimal (correction of FPG by 0.5 mmol/L). In addition to the blood pressure
threshold of >130/85 mmHg, we regarded subjects on AHT as fulfilling the criteria for
hypertension.

Definition of Diabetes

Prevalent diabetes was defined as FBG >6.1 mmol/L, a history of physician diagnosed diabetes
mellitus or treatment with antidiabetic medication at the time of the baseline examination.
Incident diabetes was defined as fasting plasma glucose of at least 7.0 mmol/liter or a 2-h
plasma glucose value of at least 11.0 mmol/liter during the OGTT at the reexamination or his-
tory of physician diagnosis of diabetes or initiation of antidiabetic medication any time after
the baseline exam.

Statistical Analysis

A genome wide association study (GWAS) was performed for plasma levels of cystatin C using
additive genetic models of inheritance and linear regression adjusting for age and sex. We used
logistic regression models to calculate the odds ratio (OR) of prevalent MetS and diabetes at
the baseline examination adjusting for age and sex and the OR of incident MetS and diabetes
(after excluding patients with the MetS and diabetes, respectively at the baseline examination).
OR were calculated per 1 SD increment of cystatin C and per copy of the major C allele of
rs13038305 in models adjusted for age and sex (model 1) and also in multivariate analysis
adjusted for age, sex, waist, AHT, SBP, TGs, HDL and FBG (model 2). Furthermore, in order
to test whether any relationship between cystatin C and MetS and diabetes were linear, inci-
dence and prevalence of diabetes and MetS were studied across quartiles of cystatin C levels. A
multivariate logistic regression model (adjusted model 1) was used to assess incidence of the
five individual components of the MetS (after excluding patients with each of the five separate
MetS criteria at the baseline examination). The OR for the individual MetS criteria were calcu-
lated per 1 SD increment of cystatin C and per copy of the major rs13038305 allele. In order to
study if other estimates of renal function (e.g. glomerular filtration rate as estimated by
eGFR-CG) would influence the association of between cystatin C and Mets and diabetes,
eGFR-CG was entered on top of all other variable in model 2 in the multivariate logistic regres-
sion analysis. Because we did not find any significant interaction between gender and cystatin
C levels with respect to incidence of the MetS (p = 0.234), or diabetes (p = 0.452), in the fully
adjusted model 2, sex-specific analyses was not performed. All analyses were performed using
SPSS Windows version 22.0 and a two-tailed P value of <0.05 was considered statistically
significant.

Results

Characteristics of the study participants with and without MetS in the MDC-CC re-examina-
tion replication cohort are shown in Table 1 and characteristics of the study participants with
and without diabetes in the MDC-CC re-examination cohort are shown in Table A in S1 File.
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rs13038305 in Relation to Cystatin C

At baseline each copy of the major allele of rs13038305 was associated with a highly significant
approximately 0.30 standard deviation (SD) higher plasma concentration of cystatin C both in
model 1 (f =0.33, p=4.2E-28) and model 2 (8 = 0.33, p = 1.7E-29).

Cystatin C and Relation to Prevalent MetS and Diabetes—Cross-
Sectional Analysis

At baseline, each 1 SD increment of cystatin C was significantly associated with an increased
prevalence of MetS (adjusted for age and sex) (OR per 1 SD increment 1.36 (1.13-1.65),

p =0.001) (Table B in S1 File). Prevalence of MetS at the baseline examination increased signif-
icantly in a linear manner across quartiles of cystatin C at baseline (p for trend = 0.001)

(Table B in S1 File). Furthermore, in cross-sectional analyses adjusted for age and sex, preva-
lence of increased waist circumference, decreased HDL and increased TG, according to the lim-
its defined by the NCEP-ATP-III guidelines, were all significantly associated with increased
cystatin C (Table C in S1 File). However, cystatin C was not significantly associated with preva-
lence of diabetes adjusted for age and sex (OR per 1 SD increment 0.90 (0.71-1.14), p = 0.384).

Cystatin C and Relation to Incident MetS and Diabetes—Prospective
Analysis

In the prospective analyses in the MDC re-examination-replication cohort of the patients with-
out the MetS at baseline, 147 developed MetS during follow-up. The increased MetS risk across
quartiles of cystatin C levels was significant in the age- and sex-adjusted model (Table 2) but
not in the fully adjusted regression according to model 2 (Table 2).

In the prospective analyses (age and sex adjusted) of the five individual components of
MetS, baseline cystatin C was significantly related to incident abdominal obesity and incident
elevated TG levels but not with incident hypertension, reduced HDL levels and incident hyper-
glycemia (Table 3). Due to the small sample size in the MDC re-examination-replication

Table 2. Cystatin C and risk of future metabolic syndrome in the MDC-CC-re-examination-replication-
cohort.

Cystatin C

Model 1 Model 2

Cystatin C as a continuous variable—

Per SD increment
P

Cystatin C as a categorical variable—

<Q1
Q1-median
Median-Q3
>Q3
P for trend

1.17 (0.99-1.39)
0.072

1.0 (Referent)
1.21 (0.70-2.07)
1.62 (0.95-2.78)
1.72 (1.01-2.93)
0.026

0.98 (0.80-1.19)
0.812

1.0 (Referent)
0.90 (0.50-1.63)
1.09 (0.60-1.96)
1.02 (0.56-1.85)
0.790

Values are odds ratios (95% confidence intervals) for incident MetS from logistic regression analyses.
Model 1 is adjusted for age and sex; model 2 is adjusted for age, sex, systolic blood pressure,

antihypertensive treatment, waist circumference, plasma levels of triglycerides, fasting whole-blood glucose
and HDL at baseline. n = 858 with 147 MetS cases and 711 controls.

doi:10.1371/journal.pone.0155735.t002
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Table 3. Cystatin C and rs13038305 and incidence of the individual components of the metabolic syn-
drome in the MDC-CC-re-examination-replication-cohort.

Cystatin C
Odds ratio (95% confidence intervals) P value

Component

Large waist circumference (abdominal obesity) 1.23 (1.06—1.44) 0.007
Elevated triglycerides 1.53 (1.07-2.18) 0.021
Reduced HDL 1.01 (0.80-1.28) 0.941
Elevated fasting glucose 1.07 (0.93-1.24) 0.347
Elevated blood pressure 0.86 (0.68-1.09) 0.213
rs13038305

Large waist circumference (abdominal obesity) 0.99 (0.78-1.26) 0.941
Elevated triglycerides 1.39 (0.65-2.94) 0.395
Reduced HDL 1.16 (0.78-1.72) 0.476
Elevated fasting glucose 1.05 (0.82—1.33) 0.717
Elevated blood pressure 0.76 (0.53-1.09) 0.139

Components of the metabolic syndrome are defined in the text. Values are odds ratios (95% confidence
intervals) per 1 SD increment of cystatin C for incident components of the metabolic syndrome from logistic
regression analyses. All models were adjusted for age and sex at baseline

doi:10.1371/journal.pone.0155735.t003

cohort and many variables to be considered in the fully adjusted model we also investigated if
plasma levels of cystatin C were associated with incident MetS in the whole MDC-CC-re-
examination cohort (562 MetS cases and 2147 controls). The increased MetS risk across quar-
tiles of cystatin C levels was significant in the fully adjusted model 2 (Table 4). In the logistic
regression regarding risk of developing incident MetS in the whole MDC-re-examination
cohort when adding eGFR-CG on top of model 2 showed that each 1 SD change of eGFR-CG
was highly significantly associated with incident MetS (OR 1.41 95% CI (1.21-1.64),

p = 1.00x107°, and the relation of cystatin C with incident MetS was (OR 1.14 (1.02-1.27),

p =0.019).

Table 4. Cystatin C and risk of future metabolic syndrome in the MDC-CC-re-examination-cohort.

Cystatin C

Cystatin C as a continuous variable

Per SD increment 1.09 (0.98-1.21)
P 0.115

Cystatin C as a categorical variable

<Q1 1.0 (Referent)
Q1-median 1.01 (0.74-1.38)
Median—-Q3 1.12 (0.83-1.53)
>Q3 1.40 (1.03-1.90)
P for trend 0.023

Values are odds ratios (95% confidence intervals) for incident MetS from logistic regression analyses.
adjusted for age, sex, systolic blood pressure, antihypertensive treatment, waist circumference, plasma
levels of triglycerides, fasting whole-blood glucose and HDL at baseline. n = 2709 with 562 MetS cases
and 2147 controls.

doi:10.1371/journal.pone.0155735.t004
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During follow up 403 patients developed new onset diabetes and each 1 SD increment of
cystatin C was significantly associated with an increased risk of incident diabetes adjusted for
model 1 (OR per 1 SD increment 1.14 (1.03-1.27), p = 0.014) but this association was totally
attenuated in the fully adjusted according to model 2 (0.99 (0.86-1.13), p = 0.842) (Table D in
S1 File). As for the analysis of baseline values of cystatin C and incident diabetes adding
eGFR-CG on top of model 2 each 1 SD change of GFR showed no significant association with
incident diabetes (OR 0.95 (0.80-1.14), p = 0.601 and baseline cystatin C remained not associ-
ated with incident diabetes (OR 0.99 (0.86-1.13), p = 0.835.

rs13038305 and MetS

The major allele of rs13038305 was not associated with prevalent MetS after adjustment for age
and sex (OR 1.00, 95% CI 0.84-1.20, p = 0.990). Furthermore, the major allele of rs13038305
was not associated with prevalence of the individual components of the MetS (Table C in S1
File). In addition, no significant associations were seen for rs13038305 and incident MetS (OR
1.13,95% CI 0.95-1.34, p = 0.160) in age and sex adjusted logistic regression analysis. As for
the cross-sectional analysis, in the prospective analysis no significant associations were seen for
the incidence of the five different MetS components and rs13038305 after adjustment for
model 2 (Table 3).

Finally, no significant associations were seen for rs13038305 and all MetS cases (both preva-
lent and incident) after adjustment for age and sex (OR 1.08, 95% CI 0.95-1.24, p = 0.242)

rs13038305 and Diabetes

The rs13038305 polymorphism was not associated with prevalent diabetes after adjustment for
age and sex (OR 0.78, 95% CI 0.55-1.12, p = 0.179). In addition, no significant associations
were seen for rs13038305 and incident diabetes after adjustment for age and sex (OR 1.07, 95%
CI0.89-1.30, p = 0.478). Finally, no significant associations were seen for rs13038305 and all
diabetes cases (both prevalent and incident) after adjustment for age and sex (OR 1.01, 95% CI
0.85-1.20, p = 0.891).

Discussion

The key findings of our study are that although we were able to replicate our previous results
that high plasma levels of cystatin C predicts new on-set of MetS and also increased risk of new
on-set diabetes in age and sex adjusted analysis, these association were completely attenuated
when known diabetes and MetS risk factors were entered as covariates in the multiple regres-
sion analysis. Furthermore, even if our findings, adjusted for known MetS risk factors in the
entire MDC-CC-reexamination cohort, indicates that high levels of cystatin C measured in
plasma might serve as a predictor of future MetS, a causal involvement of cystatin C in the eti-
ology of MetS or indeed diabetes seems unlikely since genetic elevation of plasma cystatin C
(e.g. major allele C of rs13038305) was not related to altered risk of these diseases.

There has been an intense discussion regarding the biological mechanism behind the possi-
ble dysmetabolic and CVD increasing effects of elevated cystatin C levels over the last decade,
although the exact mechanisms behind the observed correlations have not been comprehen-
sively clarified. The most common explanation behind high cystatin C levels and poor cardio-
vascular or metabolic outcome is attributed to impaired renal function, that is, because cystatin
C is able to detect minor impairments of renal function in the normal GFR range compared to
creatinine, even minor impairment of renal function may have clinical significance thus
explaining the associations between elevated plasma levels of cystatin C and increased risk of
disease in prior studies [3] [14].
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In a recently published paper by Shlipak (senior author) in 2014, where genetically lowered
cystatin C (here the minor T allele of rs13038305) was tested for possible associations with inci-
dent CVD in a population of 14,645 individuals, no significant associations were seen for inci-
dent CVD, OR, (95% CI), 0.98 (0.92-1.06), p = 0.7 nor total mortality 0.98 (0.92-1.03), p = 0.4
arguing against a direct cystatin C mediated effect on CVD/mortality-risk [21]. In addition, a
recent publication by Svensson-Farbom and co-workers reported that genetic elevation of
plasma cystatin C was not related to altered risk of coronary artery disease (CAD), supporting
the notion that there is no causal relationship between plasma cystatin C and CAD. Rather, the
association between cystatin C and CAD appeared to be due to the association of renal dys-
function and CAD [22]. Also, we could see that kidney function as estimated by eGFR-CG was
highly significantly associated with incident MetS, and further that cystatin C's association
with incident MetS remained significant when eGFR was taking into account in the multivari-
ate logistic regression analysis, data that further stresses the notion that cystatin C is a reflector
of increased risk of MetS due to renal dysfunction.

There are however studies that indicates that rs13038305 elevate plasma cystatin C indepen-
detly of renal function and other CVD and diabetes risk factors [15] and one might speculate
that this renal function independency of the genetic effect could serve as an explanation behind
the lack of effect of rs13038305 on incident metabolic and cardiovascular disease.

Our study is to the best of our knowledge the first to examine the effects of genetic elevated
cystatin C (here the major C allele of rs13038305) on incident diabetes and MetS. Here
rs13038305 showed no significant associations with diabetes nor MetS development, and these
data, together with the findings by Shlipak [21] and Svensson-Farbom [22], further emphasize
the notion that cystatin C may not be causally involved in etiology of metabolic or cardiovascu-
lar disease. These results are possibly of great value since causality assessment of biomarkers of
disease may provide guidance on whether or not drug development targeted at the biomarker
in question is worthy to pursue, and thus this might not be the case for cystatin C.

Strengths and limitations of this study should be considered. We included a large popula-
tion sample and the definition of new-onset diabetes and MetS was based on clinical re-exami-
nation. Through clinical re-examination we were able to retrieve the great majority of incident
cases of diabetes and MetS. However, we were limited because rs13038305 explained only
about 14 percentage of cystatin C variation (r* = 0.142), which limits the causal estimations of
cystatin C, however this is to be compared with the work by Shlipak (senior author) in which
each copy of the minor T allele of rs13038305 was associated with 6% lower cystatin C levels
(P =4.1x107'"%) [21]. Of note, individuals included in the current study were a minority of the
total study population. As all subjects were survivors, they are likely to represent a healthier
cohort than the entire MDC-CC. Finally; our study results may not be generalizable to all pop-
ulations as the study participants were mainly individuals of Swedish descent.

Conclusion

In conclusion, our findings show that cystatin C measured in plasma might serve as a predictor
of future MetS but not diabetes. A causal involvement of cystatin C in the etiology of MetS or
diabetes seems unlikely since genetic elevation of plasma cystatin C was not significantly
related to these diseases.
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