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Mild impairment of renal function (shrunken pore syndrome) is associated with
increased risk for future surgery for aortic stenosis

Johan Ljungberg®*, Bengt Johansson®*, Ingvar A. Bergdahl®

Johan Hultdin“t @ and Stefan Soderberg®t

, Anders Holmgren?, UIf Naslund?,

Department of Public Health and Clinical Medicine, Medicine and Heart Centre, Umea University, Umea, Sweden; PDepartment of Biobank
Research, Umed University, Umed, Sweden; “Department of Medical Biosciences, Clinical Chemistry, Umea University, Umea, Sweden

ABSTRACT

Recently, a new approach was proposed to detect mild impairment in renal function: a reduced ratio
between estimated glomerular filtration rate (eGFR) calculated by cystatin C and eGFR calculated by
creatinine. We aimed to evaluate if this ratio is associated with aortic stenosis (AS) requiring surgery.
We identified 336 patients that first participated in population surveys and later underwent surgery for
AS (median age [interquartile range] 59.8 [10.3] years at survey and 68.3 [12.7] at surgery, 48%
females). For each patient, two matched referents were allocated. Cystatin C and creatinine were
determined in stored plasma. eGFRcystatin ¢ and eGFRcreatinine and their ratio were estimated.
Conditional logistic regression analyses were used to estimate the risk (odds ratio (OR) with [95% con-
fidence interval (Cl)]) related to one (In) standard deviation increase in the ratio between eGFR ystatin ¢
and eGFR  catinine- A high ratio was associated with lower risk for AS requiring surgery (OR [95% ClI)
(OR 0.84 [0.73-0.97]), especially in women (0.74 [0.60-0.92] vs. 0.93 [0.76-1.13] in men). After further
stratification for coronary artery disease (CAD), the association remained in women with CAD but not
in women without CAD (0.60 [0.44-0.83] and 0.89 [0.65-1.23], respectively). In conclusion, a high ratio
between eGFR ystatin ¢ and €GFR reatinine Was associated with lower risk for surgery for AS, especially in
women. Mild impairment of renal function is thus associated with future risk for AS requiring surgery.
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Introduction

End-stage renal disease is a well-known risk factor for devel-
oping ischemic cardiovascular and calcific valvular disease.
Also, it increases the progression rate of aortic stenosis (AS)
[1,2]. Mild deterioration of renal function has also been
associated with increased risk for cardiovascular disease, but
it is still unknown if mild impairment of renal function is a
risk factor for developing AS. To assess renal function, an
estimate of the glomerular filtration rate (GFR) is often
used. Accurate estimates of GFR can be obtained from Cr-
EDTA or Iohexol clearance [3] - both methods are labour-
intensive and expensive. More commonly, GFR is estimated
from plasma levels of creatinine (eGFR  eqtinine)> and several
equations have been presented. Another molecule in the
plasma is cystatin C that also can be used for calculating
eGFR (eGFReystatin ¢)- In most cases, eGFR based on cre-
atinine and cystatin C are similar, but eGFR ygain ¢ has
been associated with higher risk estimates for cardiovascular
disease compared to eGFR  catinine [4]- The two molecules
differ in size, where cystatin C (13,343 Da) is larger than
creatinine (113Da). This may explain the superiority of

cystatin C since early changes in kidney function are charac-
terised by shrinking of the pores in the glomerular mem-
branes rather than a decrease in the number of pores; i.e.
larger molecules such as cystatin C will be affected first. The
discrepancy in filtration estimates based on reduced pore
size is expressed as a low ratio between eGFR ysqin ¢ and
eGFRjeatinine and has recently been labelled as the shrunken
pore syndrome [5]. This syndrome has been linked to car-
diovascular disease and mortality [6-8].

The aim of this study is to test the hypothesis that mild
impairment of renal function, reflected by a decreased ratio
between eGFR ygain ¢ and eGFRireatinine i related to
increased risk for AS that requires surgery, with and without
simultaneous coronary artery disease (CAD).

Methods

Between March 1988 and December 2014, 6691 patients
underwent surgery for valvular heart disease and/or disease
of the ascending aorta at the Department of Cardiothoracic
Surgery, Umea University Hospital, Umeé, Sweden. Before
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surgery, 708 of these patients had participated in one of
three population-based health studies in the Northern
Sweden Health and Disease Study. As part of the health
study, each patient had donated blood for further research.
Altogether 336 of the 708 patients had surgery for AS and
were included in the study. From the Vasterbotten
Intervention Programme (VIP), 237 samples were retrieved
as well as 37 samples from MONItoring of trends and deter-
minants in CArdiovascular diseases (MONICA) and 62
samples from the Mammary Screening Program (MSP).

VIP is an ongoing community intervention programme
with the aim of preventing cardiovascular disease and dia-
betes in the county of Vasterbotten [9]. In this programme,
all county residents, at the ages of 30 (until 1995), 40, 50
and 60 years, were asked to participate in a health survey
and subsequently received health counselling at their pri-
mary health care centre. MONICA enrolment involved ask-
ing randomly selected individuals in the counties of
Visterbotten and Norrbotten to participate in a health sur-
vey [10]. Participants were 25-74 years of age. The MSP
cohort comprised women that attended routine mammog-
raphy screenings [11]. Added together, these three surveys
included 140,414 participants up to December 2014, with an
estimated participation rate of 65-75%.

For each case, we randomly selected two referents (con-
trols) that were matched for sex, age (£2 years), type of sur-
vey (MONICA, VIP or MSP), date of health survey
(+4 months) and geographic area. We did not exclude refer-
ents or cases (patients) with a history of myocardial infarc-
tion (MI) or cancer prior to survey. In our cohort, 2.7% of
cases and 3.3% of referents had been diagnosed with cancer
within 5 years prior to surgery (or the corresponding date
for referents). Similarly, 2.4% of cases and 1.3% of referents
reported a prior MI at survey.

The study protocol was approved by the Regional Ethics
Review Board in Umed and it complied with the
Declaration of Helsinki. All participants provided written
informed consent for future use of the data.

Medical records were reviewed and relevant data on the
valve disease were retrieved. According to established prac-
tice, all except one case (99.7%) underwent a coronary
angiogram, and any atheromatosis was classed as CAD
(found in 61% of all cases with coronary angiogram). At
surgery, eGFR  eqtinine Was (median [interquartile range]) 67
(17] ml/min/1.73 m? and 25.6% had an eGFR euinine
below 60.

We have recently described clinical examinations and
biochemical analysis performed at baseline in this cohort
[12,13]. Participants in VIP and MONICA were asked to
complete a health questionnaire regarding their living condi-
tions and cardiovascular risk factors. Subjects were categor-
ised by whether they had smoked tobacco (smokers,
including current daily smokers and ex-smokers) or had
never smoked tobacco (never-smokers).

An oral glucose tolerance test was performed, and glu-
cose tolerance categories were defined according to WHO
guidelines [14]. Glucose intolerance was defined as impaired
fasting glucose (IFG) and/or impaired glucose tolerance

(IGT) or diabetes mellitus (DM). Anthropometry and blood
pressure measurements were obtained as previously
described [12], and hypertension was defined as a systolic
blood pressure >140mmHg, diastolic blood pressure
>90 mmHg and/or the use of anti-hypertensive medication.

Plasma samples were obtained after fasting for a min-
imum of 4h (extended to 8h after 1992). The samples were
stored at —80 °C until analysis. In 2017, Apo Al, Apo B, cre-
atinine, cystatin C and CRP were analysed on a Cobas 8000
modular analyzer, ¢502 module (Roche Diagnostics, Basel,
Switzerland). The reagents employed were Tina-quant apoli-
poprotein Al and B (Apo Al and ApoB) (catalogue nos.
03032566122 and 03032574122, respectively, both version
2), CREP2 (catalogue no. 03263991190), Tina-quant
Cystatin C Gen. 2 (catalogue no. 06600239190) and CRPL3
(catalogue no. 04956842190). These were all purchased from
Roche Diagnostics (Basel, Switzerland). Apo Al and Apo B
were standardised to reference IFCC SP1-01 and SP3-07,
respectively. Creatinine is traceable to isotope dilution mass
spectrometry (IDMS) reference measurement procedure.
Cystatin C is traceable to the ERMDA471/IFCC standard.
CRP is traceable to CRM 470 (CRPL3 2011-01, V3).

The lowest level of detection was 0.03 g/L for both Apo
Al and Apo B, 5 umol/L for creatinine, 0.4 mg/L for cystatin
C and 3mg/L for CRP. The total coefficients of variation
were as follows: Apo Al 3.42% and 2.18% at levels of 0.86
and 1.45 mg/L, respectively; Apo B 1.93% and 2.19% at lev-
els of 1.0 and 1.8 mg/L, respectively; creatinine 3% at both
levels of 90 and 500 pmol/L; cystatin C 1.43% and 0.84% at
levels of 0.99 and 3.95mg/L, respectively; and CRP 1.5%
and 1.9% at levels of 8 and 47 mg/L, respectively.

The ratio between Apo B and Apo Al was calculated.
The estimated relative glomerular filtration rate (eGFR) was
calculated by using the Lund-Malmo-Revised formula for
GFR  eatinine and the Caucasian, Asian, Paediatric, Adult
cohorts (CAPA) formula for GFR yatin ¢ [15,16]. Only 15
cases (4.8%) and 19 referents (2.9%) had an eGFR_ catinine
below 60 ml/min/1.73 m” at survey.

Continuous data were checked for normal distributions
with formal tests and by visual assessment, and data were
transformed to the natural log (In) scale when needed. The
(In) Z-scores were calculated separately for men and
women, and as a conservative approach, missing values
were replaced with the median value obtained among the
referents, calculated separately for men and women. The
scores with replaced missing values were used in all models,
thus using the entire dataset. Continuous variables were also
categorised into quartiles, based on the distribution of the
referent values, and they were determined separately for
men and women. Missing values were treated as a separate
category and were not included in the tables.

Data are presented as (geometric) means with 95% confi-
dence intervals (CIs). Student’s t-tests were used to analyse
differences in the means between cases and referents.
Within strata, the cases and referents had the same follow-
up times in this nested, matched case-referent study.
Therefore, we estimated odds ratios (ORs) and 95% CI with
logistic regression analyses (rather than Cox regression) and



526 J. LJUNGBERG ET AL.

the conditional maximum likelihood routine designed for
matched analysis. The influence of studied variables on
future surgery for AS was tested in univariable and multi-
variable models. The first model included the ratio between
eGFRcystatin C and e(}FRcreatinine (OI' e(}I::Rcystatin G
eGFR reatinine> Cystatin C or creatinine) with the addition of
the Apo B/Al ratio, hypertension (yes/no), glucose intoler-
ance (yes/no) and smoking (present or past/never). In sub-
sequent models, BMI or CRP was added. The analyses were
stratified for sex, age at surgery (less than 60 years or
60 years and more), the time between the survey and sur-
gery (less than 5 years or 5 years and more) and the pres-
ence of any CAD on the preoperative angiogram. Finally, as
a sensitivity analysis, we excluded the MSP cohort since sev-
eral cardiovascular risk factors were not registered in MSP.
All calculations were performed with the statistical program,
SPSS version 24 (IBM, Armonk, NY).

Results

Basal characteristics are shown in Table 1. Median age
[IQR] was 59.8 [10.3] years at survey and 68.3 [12.7] at sur-
gery; 48% were women. All patients underwent aortic valve
replacement (AVR) due to AS as a primary indication in
84%, and in combination with other procedures in 16%
(surgery for ascending aorta in 5% and coronary by-pass
surgery in 10%). At survey, individuals with future surgery
for AS were more obese, had higher systolic and diastolic
blood pressure, and had higher total cholesterol levels and

Table 1. Characteristics at health survey.

higher Apo B/A1 ratio. They also more often had a diagno-
sis of hypertension and were more often glucose intolerant.
At survey, circulating levels of creatinine and cystatin C did
not differ between cases and referents, and similarly
eGFRreatinine and eGFR ygtain ¢ did not differ. In contrast,
cases had a lower ratio between eGFR ygain ¢ and
eGFR reatinine at survey. This difference remained in women.

The associations between circulating levels of creatinine,
cystatin C and corresponding eGFR rates and future AVR
were explored, and results of the univariate analysis based
on both categorical and continuous analyses are presented
in Table 2. Expressed as continuous variables (1 [In] SD
increase of Z-scores), no associations were seen between cir-
culating levels of creatinine, cystatin C and corresponding
eGEFR rates and future AVR.

In contrast, a high ratio between eGFR.ysain ¢ and
eGFR  eatinine Was consistently associated with lower risk for
surgery (Table 3). The association between 1 (ln) SD
increase of the ratio remained significant after adjustment
for common cardiovascular risk factors (OR [95% CI]) (0.84
[0.73-0.97]), and also after additional adjustments for BMI
and CRP. Exclusion of the MSP cohort did not alter the
association. After stratification for sex, the protective effect
associated with a high ratio was seen in women but not in
men (0.74 [0.60-0.92] and 0.93 [0.76-1.13], respectively).
After further stratification for CAD, the association
remained significant in women with CAD but not in men
with CAD (0.60 [0.44-0.83] and 0.96 [0.75-1.23], respect-
ively). Further adjustments for CRP and BMI or exclusion

Referents/cases Referents Cases p
Age at survey (years) 671/336 56.7 (56.0-57.3) 56.7 (55.8-57.6) 94
Age at surgery (years) -/336 67.2 (66.3-68.2)
Female sex (%) 671/336 48 (44-52) 48 (43-53) 98
BMI (kg/mz) 655/322 26.1 (25.8-26.4) 26.9 (26.4-27.4) .01
Apolipoprotein B (g/L)? 647/310 1.09 (1.07-1.11) 1.13 (1.10-1.16) .05
Apolipoprotein A1 (g/L)? 647/309 1.41 (1.40-1.43) 1.40 (1.37-1.42) 25
Apolipoprotein B/A1 (ratio)® 647/309 0.77 (0.76-0.79) 0.81 (0.78-0.84) .01
Systolic blood pressure (mmHg) 545/270 135 (134-137) 138 (136-141) .04
Diastolic blood pressure (mmHg) 545/269 84 (84-85) 6 (85-87) .05
Total cholesterol (mmol/L) 535/265 6.2 (6.1-6.3) 64 (6.2-6.5) .05
Hypertension (%) 545/269 49.2 (45.0-53.4) 61.0 (55.1-66.8) .001
Glucose intolerance (%) 490/242 19.8 (16.3-23.3) 26.4 (20.8-32.0) .05
Smoker (%) 531/258 53.7 (49.4-57.9) 59.7 (53.7-65.7) 11
Creatinine (umol/L)® 647/310 73.2 (72.1-74.2) 72.3 (70.7-73.8) 33
Cystatin C (mg/L)? 647/309 0.84 (0.83-0.85) 0.85 (0.83-0.87) 15
€GFReatinine (MI/Min/1.73 m?)? 647/310 79.7 (78.8-80.6) 80.0 (78.6-81.5) 66
Men 81.4 (80.2-82.6) 81.8 (79.9-83.7) .76
Women 77.8 (76.5-79.2) 78.3 (76.2-80.5) .68
No CAD 81.0 (79.6-82.5) 80.9 (78.5-83.2) .89
CAD 78.8 (77.6-80.0) 79.4 (77.6-81.2) .60
€GFR ystatin ¢ (ml/min/1.73 mz)a 647/309 91.0 (89.6-92.4) 88.9 (86.6-91.4) 15
Men 91.6 (89.7-93.5) 90.9 (87.6-94.3) 74
Women 90.4 (88.3-92.5) 87.0 (83.6-90.5) .09
No CAD 94.1 (91.8-96.5) 92.0 (88.2-96.0) 34
CAD 89.0 (87.3-90.8) 86.8 (83.8-89.9) 23
€GFRystatin /€GFRreatinine (atio)? 647/309 1.14 (1.13-1.16) 1.11 (1.09-1.13) .02
Men 1.12 (1.11-1.14) 1.11 (1.08-1.14) 48
Women 1.16 (1.14-1.18) 1.11 (1.08-1.14) .008
No CAD 1.16 (1.14-1.18) 1.14 (1.10-1.17) 24
CAD 1.13 (1.11-1.15) 1.09 (1.06-1.12) .04

BMI: body mass index; glucose intolerance: impaired fasting glucose and/or impaired glucose intolerance or diabetes mellitus; hypertension: systolic blood pres-
sure >140 and/or diastolic blood pressure >90 and/or antihypertensive treatment; smoker: present or previous smoker.
Values shown are numbers, means (*geometric), and proportions with 95% confidence intervals; p values were based on the Student t-test.

Bold values are p-value < 0.05



~
[s\]
N

SCANDINAVIAN JOURNAL OF CLINICAL AND LABORATORY INVESTIGATION

D uesoy 10y oy z¢* pue PUUITPY 105 10y 99" ‘) UINRISAD 10) HT ‘BUIUNeaId J0) €€ (pual) B Bunedlpul sanjea 4
“A19ARAS3I ‘PHOL ‘€16 ‘9L PUB S'E0L ‘§'L6 ‘S'T8 H(UBOM puR UdW) (W £/°L/uI/jw) > “y493 pue ARSI ‘£'98 ‘6'8'S'LL PUR §'88 ‘€78 '9'S/ H(UBLIOM PUB USW) (W £/°L/uIL/jw) *HPy40d
‘AlPA1dadsal ‘p6°0 ‘€8°0 ‘SZ°0 PUB 76°0 ‘€8°0 ‘970 :(Udwom pue udwy) (7/6w) ) uneishd ‘Aj9Adadsal ‘298 ‘6'8/ ‘S'L/ PUB §'88 ‘€78 ‘9'G/ (UBWom pue udwy) (7/jowr) suluiead PIaM (FD-1D) sajienb ayl 1oy syo-1n)

“(dy1dads-xas) SJUSIJI DY} 10§ PAUIRIGO SINRA URIPIW Y3 UM padejdal a1am (2 U859y 403 pue) ) unelskd 1oy sanjea

Buissiw |G pue (PUUBRy 03 pue) aujuleald 1oy sanjeA Buissiw AYl4 ‘suole|nd[ed |e 104 pasn a1am pade|dal sanjeA BUISSIW YUM S3103S-7 ‘UMOYS S| (2103S-7) asealdul s (U]) L pue ($D—-LD) so|iuenb o1 paleas ysu ayl
"(4499) se1es uones|y Jejniswolb pajewnss Huipuodssiiod pue s|9AS| D UNRISAD pue SuUNE3ID 0} PI1R[3I (S[PAISIUI DUSPHUOD 94G6) YUM SOIIRI SPPO SY) dJe SIN|ep
‘aseasip A1aue A1euoiod :qyd uswade|das anjeA diLoe YAY

(20'1-55°0) S0 (¥T'1-8£°0) 66'0 (L0'L-¥£°0) 680 (91'1-59°0) £8°0 (LE'1L-65°0) 88" (L1'L-69°0) £8°0 (00'1-59°0) 180 (£1°1-6£°0) 96'0 (20'L-££°0) 680 60€/L¥9 > wesby 03 (u)) 7
(89°'L-98°0) 0T'L (6T°1-6£0) L0'L (LE'1L-68°0) 80°L (LT'1-890) €60  (0LL-LL0) OL' (LTL~=LL0) 660 (¢€71-58°0) 90°L (0€°L-+8°0) SO'L (€T°1-06'0) SO'L OLE/L¥9 PUIURELY 1D (u))

(8£°1-86'0) T€'L (9T'1-180) LO'L (€€°1-€6'0) LL'L (€5'1-£80) SL'L (§9°L-££0) TV’ (Ev'1-16°0) 'L (15'1-00'L) €T°L (§T'1-580) £0°L (6T°1-L60) TL'L 60€/L¥9 D uneiskd (u)) 7
(01°1-79°0) 780  (¥Z'L-08°0) 00'L (0L'L-8£0) 260 (6£°L-080) SO'L (S€°1-99°0) v6' o (9T°1L-18°0) LOL (EL'L=£L0) €60 (91°1-080) 960 (80'L-€80) S60  OLE/LY9 sujunean (uy)
(Cv'L-vT0) 650  (87'L-S€0) ¢LO (9L'L-8€0) £90  (0¥'€-050) LE'L (¢v'1-S1'0) 9%0  (PL'L-L¥'0) S8°0 (19'L-S¥°0) $8°0 (61'1-9€70) 90  (¥L'L-8¥'0) ¥£0  +L/L9L Y0
(LTL-€T0) ¥S0  (Z8'L-t¥0) 060 (8TL-€¥'0) S0  (LS'T-T¥0) 2O'L (9£°1-ST°0) £90  (¢9'L-¥¥'0) ¥8°0 (LE'L-6£0) LLO (LS'L-87°0) §8°0  (8L'L-TS0) 80  £L/€9L €0
(Z€'1-87°0) 190  (L0°'L-LT0) ¥S0 (96'0-S€0) 850  (8L'€-€90) Tt'L (ev'1-£10) 6¥0  (18'L-150) 96'0 (£§'1-25°0) L60  (86'0-TE0) 950  (90°'L-8%0) 20  99/29L 4o}
00°L 00°L 00°L 001 00°L 00°L 00°L 00°L 00°L 26/191 Ko}

b) :_um:\Aumu_Uw
(86'€-£9°0) 85'L (9€°7-€5°0) TL'L (6LC-0L0) ¥T'L (C0T-v€0) €80  (£87-€£0) L60  (06'L-6¥0) L6 (¢L'7-09°0) €L°L (50T-79°0) TL'L (€L°1-€L0) €L°L 98/191 ¥0
(05°7-9%°0) LOL (£9'L-0¥'0) T80 (€5°1-250) 060 (05°T-9%°0) 80°L (8€°C-ST°0) LLO  (¥6'L-1S0) 66'0 (16'1-85°0) SO°L (6¥'L-S¥'0) ¢80  (Z¥'L-790) ¥6'0  TL/T9L €0
(€S°L-¥€0) 220 (0ST-09°0) CT'L (65°1-£50) 960  (¥S'T-9%°0) 80°'L (907-610) €90  (9£'L-S¥°0) 68°0 (Lv'1-8¥°0) ¥8°0 (£8°1-55°0) TO'L (0v'L-790) €60 €£/791 0
00°L 00°L 00°L 00°L 00°L 00°L 00°L 00°L 00°L 61/791 LD

wc_:_umw\_uw_n_ow
(§5°€-99°0) €5°L (8£°7-690) 8€'L (€v'C-€8°0) Tv'L (8T°C-£€0) 160  (¥T'S—650) 921 (6€7-09°0) 6L°L (¥T'T-990) LT'L (£57-08°0) €+'L (L0'T-98°0) T€'L €6/191 Y0
(Z1'T-9%'0) 660 (06'L-S¥0) 760 (09'1-950) ¥6'0  (9¥'T-6+0) OL'L (6L°€-7¥'0) 9L°L (€12-190) vL'L (¢8'1-09°0) SO°L (08°L-95°0) 00°L (€5°1-69°0) TO'L TL/091 €0
(£8'1-€€0) 6£0  (TL'T-LS0) ¥O'L (09'1-€50) ¢60  (L6'L-0¥0) £80  (86'L—0€0) ££0  (LSL-S¥0) ¢80 (1S'L-L¥"0) S8°0 (€9'1-750) ¢60  (ZE€L-650) 880  99/19L 4o}
00°L 00°L 00°L 00°'L 00°L 00°L 00°L 00°L 00°L 8//591 Ko}

D unesiy
(LTL-TT0) €S0 (9£L-9%°0) 060 (LTL-S¥'0) S0 (¥6'T-LS0) 6TL (€€T-970) L0  (90°T-£S0) 60°L (8¥'L-9%°0) €8°0 (LY'L=L¥'0) €80  (LTL-LS0) S80  69/6€l ¥0
(8'0-SL°0) S€0  (Z9L-6€0) 080  (66'0-¥€0) 850  (¥8'L-LE0) €80  (bS'T-8€0) 860  (€5'L-9%0) ¥80  (¥6°0-0€°0) €570 (¢5'L-6¥0) 980  (LO'L-S¥0) 890  $9/99L €0
(9LL-€20) TS0 (SL'T-€9°0) 9L'L (6€71-€50) 980  (€T'L-€T0) €50  (68°T-LS0) LT'L (LEL-€¥'0) L0  (€6°0—0£°0) £5°0 (#6L-1£0) LL'L (81°1-95°0) L8'0 L8/vLL 0
00°L 00°L 00°L 00°'L 00°L 00°L 00°L 00°L 00°L S6/691 Ko}

aujunean)

USWOM US\ I\ USWOM Us\ 1\ USWOAN U\ 1\ 9sed/Jay
avd avd oN I

YAV 24nIny Ioj sU pue ) uneisAd pue aujuieas) g ajqel



AL
NGBERG ET
LU

J.

528

those
in ed
. .n
Ciatlonremal ery
$s0 tion surg 62
his a cia d if ©.
et asso an vey
hang the ery sur 25
ot AD, e fs 1. d
didnhC e at s a])- t-of iate
rt wit mor ear tiVeY (cu ssoc en
ho en r 5yec tio a om
co m o sp ra as. wi 0-
Sp WO ars han re the ) W in ass
e M In 0 ye t 84]) of iVelY and ant
f th AD. d 6 ore 1-0. ile ect n ionific
0 C e m 0.4 art Sp me ign
with se agmedo 59 [ st quen’ rell WO das
o r . e a te
th rfo d ioh omer ica
in e an hig Wi n indi
_ as pwlﬂw and ol
[] Wi 0. A n €
8 0.45- ilarly, men for T tre ign, Wd
P £ [ Sim130 ind riske linea t desig an._
gsx E =] nd 1. duce nd th eferen tin (;SSOCIH
e ©Q o n S a re a r ta 3 €
5 g% 23 s E ith AD, 03). case FRoys in wom
B = vih D e 1 netion i+ 2 e
_ = wﬂ:g‘-’ B @ i_ - es n fu S wo a
203 84 g-eo'; 3 g thon ith a n twee nal for A in rens
A o ° < ° o © o < = Cla ith be re lar € id
BE & g 233 = = n w io al gery ticu -stag rap
Z;; °°3 = = g sio study rat norm sur par end nd a mild
Blg sSs S A8l 3 £ iscus e e g a future surg fhat end cther K for
IS la=} o N — ' S ) e in n :
g 558 ’ﬁﬁ-:.ua 3 g% P e pr a dicating @ ‘s known rer, whe pective
= P F N'Tv\'\ Y v 2 In th that lnd risk me kn pme er, future pec rs
N T QR S @ =} n > in is lo Vi u 0S (o)
- QR ee 9} < - inine e 1 e € . r t
:,\__ QR Vo-o 3 - 3 ith t C t 2’-te r o
AR S5 828 g g ¢ G it 0 ith [ ia e>1r m ed
L Qs el 2 e 35 e w rn nt it e ocC ledg ula t ias
i g i 2 = = £ ed o ita wit eas ass \% asc bu bi .
chEf : 25| E e Soneom e v P ot ot AS o e 1)
o| 5 _ggg 5533 g 23 put fess wssoc the functo<>“alC"‘rento nal ons] car.
> ) 3 £ . : . io -
8 S3 g5 e > T sease son  rens died, oo sectltewartditionioles
) 5 S © ; 1 a AY S§- S C r
. S 58 s = ® 18 SS 0 tu tr € 0 ra T ()
= 3 = 2 3: o 2 g'g drogriementbeen Sf the the dll, cr d by een t hype ery fin
2R ? 53 53 s3 : 2 i ot al o d to e betw etes, A
g N S g ES imphaS nse"er-bute ere ia as tion diab ture ly s con-
S 3 3 e . = : < AS ner. attrcllies Writerl socia sion, for fu malnentlyduals’
= ,_v,\u! ,,@al = Eg-c an en C as. ten ,k as eC ivi
= ~ ~ el ,-\E ~N < S > 273 m be stu ion an er r1S k w S I indiv
S 3 “Nf'Too % Q_t'-g e 1 lusi d he is a in
o % _qu N ~ g3 hav rY.c rte (hypt is r is w ly ers
=2 |<r\9.o ; 2‘&§ €a in 0 rs d his hi der rk
— < m\QeV £ ‘”;w € ca rep to an t T 1 a S
ga 831 S s a S g2 @ th ardlngwe, k fac ing) and [13]. Jofe as mbjeCt
S T8 S 29 32 2 40 g reg tly, ris ok ort, D (18 sed su hese
N g 3 5 33 i g: Recen cular d ent coh t CA tudy iscus entify of t B-
) b5 = .
slo 3 s3 ® = 5 o;g iovas ia an esen itan ian s 0 dht id ost nly 0
g °9:8 §5] g S £ 3 di lem N nadi bee ig o mos Oed i
— ) &S — — ~ .
2 858 s 2 = Té < = E% teroin t}.lh Cone CaD. e alsoially n;WeVZ 1sag orat
- = & 3 E e g S £ 2 AS e wit a largr CA s hav Otentg]. H e an incorp has
53 21 ge:% : ) m“duld“rhraPR[lmmcm ndrome,
) 103 g a2 33 i . s firme atiﬁi.oma d th AV ccep s b FRreat dro to
9 g 3s 23 5 522 B o %) ha G o
7 © %) S n
2| - 39:“, "ES c T‘Gg sev! fro Ot, in C a een or n
S| 2283 28 o ® Ziz £ AS nefit have neptlde resenting has b nd HES]' Ato
7S 2z g5 35t that arers s 101 eGFR;Ereﬁ an“easelﬁerly wed 1o
— — S S S d =] - r iur S iy 5], is c€e
AR N s S INy N e © 5 t a 1 ine en S [ d € p b
95 © 4 S ® R = 7o 3 iom tr lin € a e r om e
S < = Q3 ~ o~ Q S ) == bi na ide etw d Om la lthY c has lud.
N S8 2% £.g<“ e uide b ste dr scu ea les inc
,T‘é% mo 23 EG EEE typ tg atio gge syn iova h lecu ter, s in dY
O < S - Q —_ g = S B ren I su re di . ely (6] a ule stu
o\qov P am ._u;.aE ur low n 0 car tivi m wlec t c
_OOVO\ 330 28 £ c bee p jec a d o en in
—-—V\o'\. A<r°‘.o mn,n'ceg A en for bj kD an m rec tati T
= 8 SsS ~ 3 °°: Z r'Tla i E gf_v centlyshrunkrker ing S115—40'11ine larger] A GFRcyili‘(%"he
- < = S 58 i i 1]. e
S |o~oe = w?,,.. re d ma d f at e 2 e he
—~ NOI 8;3‘“ 5%&%5 amerisk incll% n o cre Thes [5’ n th et is a
25 NS = =qQ -._Lw 5o n ] tio ike ns ee om 18
E_ i < Q S e ~ s3 C] g 2 @ be a 1,22], eten li ition. otei betw ndr AS tio
gL 22 33 'Z“EAE« v o coni P tio he sy t of vas,
$59 s ° = EES iz (6, ase lecu is ¢ ting ratic t ] en low vas
glg 259: © GEE 5; 5 i3 incre mo thi omo the entlfy.t [22 lopm the arly s-
gl gg 9 32 :| n g; £ gf mall bed in is_prlowel‘ to id ith i deved that tes elial dyd
= oS o —_ ‘_.T INy 'cutv 'ﬁEg: S i 0S d Wi e ica he an
o T.\Rcs 3.9.5 o E scr ler the se~ted th an ind dot se ive
_ ' NS N S o i = 3 &g 2 de 0SC t u ia at er, 1 n isea ictivi
Aam 3 ,L g S g g % S '8 & \\; g ather d tha tinine assocte th isord atjnin.eon- Elar dl redlc
R T 55 3333 s RS ga hoWeGFRcreiautY,ndiCa lar dGFRcffeunctl ascu the p
— o g : T . o .
& < S = & ° 5 % = iz 2 Snd ehe modrings 11 Vascund e1 dys ardlovs of
O"‘.ev S o @ a.*zc%tﬂ‘é a a ia carci
5‘25%»"@ 5885 2§%E$E atstrﬁnenera in C thelrofﬁndlng
£lz| & 855 a‘“-c.n,a, eSwwea " ou 8 sta‘nd".ato r
Z|= S ~ clscu’m\o, B%Eqio'g OfaGFRCYe.e-dlcdou
Z — g mgdedzgg’;g art n e e, i. lYln an
| = Sd '39:8 535_9.— ptwee mag eaf[23],
= S : ~ : =
3 Gr‘—,o oR v-nw.o .~°-‘=9""’ e a n
: 73 gs 283 gegaﬁg bhrdwaﬁm
£ 553 R ES@%EE cu pon
% 8@,0‘-’ S 8%'—Q“_gu; func dys
3 f:*fm.“”’- a"vﬁ nal
S 23 i 09 v <23 = re
2 © € g SEs
[ ~ S c gL — P
() v £ K] e
; gs8e véséﬁgf
;«gggi“’ m_mgg f".ég’SE
g HEE w%aggé 3¢
Yo% . 31113 )
T &2 =
£ S $s S
g £z =
o < S S s
o o) o= o
. “ ~ (@} N
o K — (@}
) = o
5 S
gl S
] Qo
=
©
[



SCANDINAVIAN JOURNAL OF CLINICAL AND LABORATORY INVESTIGATION 529

value of a decreased ratio 10 years before AVR suggest that
the process leading to AVR starts early, that is supported by
recent observations on the accumulation of atherosclerosis-
promoting proteins in shrunken pore syndrome [21].

Microalbuminuria has been found to be associated with
cardiovascular disease and endothelial dysfunction, e.g. in
CAD [24] and cystatin C is correlated with microalbuminu-
ria [25]. Cystatin C in serum has also been found to be
associated with the metabolic syndrome [26]. In a recent
study, eGFR_ystatin ¢ Or @ combination of creatine and cysta-
tin C was associated with HOMA-IR (homeostatic model
assessment of insulin resistance) among men, whereas
eGFR reatinine only was not [27]. The causality has not been
proven, as genes causing elevated cystatin C does not
increase risk for metabolic syndrome [28].

The suggestion of a sex-related difference in the associ-
ation between a low ratio and AVR is intriguing and has
not been described previously as related to other cardiovas-
cular outcomes and mortality. We found no sex-related dif-
ferences related to traditional and biochemical risk-markers
(lipoprotein(a), Apo B and Apo Al) in our previous reports
based on the same cohort [12,13]. There may be sex-related
differences in the vulnerability for traditional risk-markers
[29], and we and others have shown differences related to
circulating levels and prognostic ability of the adipokine lep-
tin, which also affects endothelial function and relates to
AS [30,31].

One limitation of this study is that only patients who
underwent surgery for AS are included, thereby leaving
those who are recommended a non-surgical strategy due to
comorbidities such as renal dysfunction, older age and pul-
monary diseases. Therefore, the data are not automatically
transferable to more severe renal disease. Notably, only one
person had a ratio below 0.6, 10 years prior to surgery.
Furthermore, those with mild and moderate states of AS are
not included (except those with CAD as a primary indica-
tion for intervention). Second, the inclusion criteria for par-
ticipating in VIP and MSP studies are related to age and
sex. In VIP, only those who are 30, 40, 50 and 60 years of
age are asked to participate, and MSP includes women in
the age span of 40-74. These limitations of inclusion might
have caused an underrepresentation of younger individuals.
Furthermore, health surveys tend to attract the healthier
part of the population. Last, there were no urine samples
donated in the cohort, thus we could not measure albumin-
uria, which is an early marker for renal impairment and a
predictor of cardiovascular disease.

Discrepancies in filtration estimates derived from cystatin
C and creatinine can also arise from conditions affecting
circulating creatinine levels such as total muscle mass and
protein catabolism, or conditions affecting circulating cysta-
tin C levels such as thyroid disease or steroid administra-
tion. We do not believe such conditions play any significant
role in the present study. Notably, circulating levels of cysta-
tin C are unrelated to inflammation [32].

Even if there are limitations, the study has several
strengths. First, the cohort is large and is thoroughly eval-
uated. Furthermore, the vast majority of all surgeries for AS

in Northern Sweden are performed at the Umea University
Hospital, and all AS cases that require AVR in the three
cohorts are probably identified, thus minimising selection
bias. Other strengths are the standardised procedure of
blood sample collection and that all blood samples were
analysed at the same laboratory at a defined period of time,
and that the cases and their matched referents were analysed
in fixed triplets at the same run. These procedures reduce
both pre-analytical and analytical biases as are often
encountered in large prospective studies.

In conclusion, in this prospective study approach,
we found that a high ratio between eGFR yain ¢ and
eGFR reatinine, indicating normal kidney function and the
absence of the shrunken pore syndrome, is associated with a
reduced risk for AS requiring surgery, and in particular in
women. These intriguing and new findings encourage stud-
ies focusing on sex-related differences in risk factors for AS.
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