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Relation between Kidney Length and Cardiovascular and
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Abstract
Background and objectives Kidney length is often measured during routine abdominal ultrasonography and may
be of use to identify patients at high vascular and renal risk. We aimed to explore patient characteristics related to
kidney length, from which reference values were derived, and evaluate the relationship between kidney length
and the risk of cardiovascular events and ESRD in high-risk patients.
Design, setting, participants, & measurements The study population consisted of 10,251 patients with clinical
manifest arterial disease or vascular risk factors included in the Second Manifestations of ARTerial disease
(SMART) Study cohort between 1996 and 2014. Linear regression was used to explore patient characteristics of
kidney length. The relationship between kidney length and cardiovascular events (myocardial infarction, stroke,
and cardiovascular mortality), all-cause mortality, and ESRD was analyzed using Cox regression. Kidney length
was analyzed in tertiles, using the second tertile as the reference category.
Results Kidney length was strongly correlated with body surface area (2.04 mm; 95% conﬁdence interval [95% CI],
1.95 to 2.13 per 0.1 m2 increase) and eGFR (1.62 mm; 95% CI, 1.52 to 1.73 per 10 ml/min per 1.73 m2 increase). During
the median follow-up of 6.3 years, 1317 patients experienced a cardiovascular event, including 711 myocardial
infarctions, 369 strokes, and 735 vascular cause deaths. A total of 1462 patients died of any cause and 52 patients
developed ESRD. Irrespective of eGFR, patients in the third tertile of kidney length (11.7–16.1 cm) were at higher
risk of cardiovascular mortality (hazard ratio, 1.33; 95% CI, 1.05 to 1.67) and cardiovascular events (hazard ratio,
1.28; 95% CI, 1.09 to 1.50). Patients in the ﬁrst tertile of kidney length (7.8–10.8 cm) were not at higher risk of
cardiovascular adverse events.
Conclusions Large kidney length is related to higher risk of cardiovascular events and mortality in high-risk
patients, irrespective of eGFR. Kidney length may serve as a clinical marker to further identify patients at high
cardiovascular risk.
Clin J Am Soc Nephrol 12: 921–928, 2017. doi: https://doi.org/10.2215/CJN.08990816

Introduction
CKD has been identiﬁed as an independent cardiovascular risk factor (1,2). This can, in part, be
explained by risk factors related to both development of cardiovascular disease and CKD (e.g.,
hypertension and diabetes). Conversely, atherosclerosis leads to CKD, as is seen in patients with renal
artery stenosis. Atherosclerosis also effects kidney
size because it is related to an accelerated decrease in
kidney length with age (3). This could be the direct
effect of atherosclerosis on the kidney by inducing
microvascular and glomerular injury (4). Kidney
length is measured for diagnostic purposes to discriminate between acute or CKD, or is provided as
additional information during radiologic imaging
for other diagnostic purposes. Besides having a
direct diagnostic value, kidney length may identify
patients at high risk for cardiovascular disease. A
small kidney length may be a marker of subclinical
atherosclerotic disease. In addition, a large kidney
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Departments of
*Vascular Medicine,
†
Nephrology and
Hypertension,
§
Cardiology, |Vascular
Surgery, and
¶
Radiology, and ‡Julius
Center for Health
Sciences and Primary
Care, University
Medical Center
Utrecht, Utrecht, The
Netherlands
Correspondence:
Dr. Peter J. Blankestijn,
Department of
Nephrology and
Hypertension,
University Medical
Center Utrecht,
Heidelberglaan 100,
3508 GA Utrecht, The
Netherlands. Email:
P.J.Blankestijn@
umcutrecht.nl

length may also be related to higher cardiovascular
risk. Large kidney length, presumably because of
glomerular hyperﬁltration, is related to progression
of CKD in patients with diabetic nephropathy (5).
Therefore, it could be relevant to know which factors
inﬂuence kidney length in a high cardiovascular risk
population.
For proper interpretation of kidney length, reference values are needed. Previous studies in healthy
populations or populations with low prevalence of
cardiovascular disease reported references values of
kidney length for men and women separately, without taking body height into account, and these studies
had small sample sizes (6–8).
Therefore, the aims of this study were (1) to explore
patient characteristics of kidney length in patients at
high cardiovascular risk, from which reference values
for kidney length can be derived; and (2) to determine
the relationship between kidney length and risk of
cardiovascular events and ESRD.
Copyright © 2017 by the American Society of Nephrology
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Materials and Methods
Study Participants
The study population was obtained from the Second
Manifestations of ARTerial disease (SMART) Study, an
ongoing prospective single-center cohort study at the
University Medical Center Utrecht that started in September of 1996. Patients with clinical manifest arterial disease
(cerebrovascular disease, coronary heart disease, peripheral arterial disease, or abdominal aortic aneurysm) or with
higher risk for atherosclerotic vascular disease (hypertension, diabetes, or hyperlipidemia) were included. Patients
were approached either via the outpatient clinic or during
the weeks after hospital discharge. All patients were
clinically stable during recruitment and had no clinical
signs of GN, kidney cancer, or AKI. All study patients gave
their written informed consent. The SMART Study was
approved by the Ethics Committee at the University
Medical Center Utrecht. Detailed information on the
rationale and design has been described elsewhere (9).
A total of 10,645 patients were enrolled between 1996
and 2014. Patients with abnormal kidney size because of
underlying kidney disease were excluded, including ESRD
(eGFR,15 ml/min per 1.73 m2), polycystic kidney disease,
hypoplasia of the kidneys (,7 cm), and nephrectomy
(Figure 1). Another 200 patients were excluded because of
missing data on ultrasonography of the kidneys.
Registration of coincidental ﬁndings on ultrasonography
in the SMART Study started in 2004. A total of 6654
patients were included between 2004 and 2014. We found
renal masses (eight malignancies) in 30 patients and
hydronephrosis in six patients.
Measurements
All patients ﬁlled in a questionnaire regarding medical
history and underwent a physical examination. Fasting
urine and blood samples were obtained. eGFR was calculated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) 2009 creatinine equation (10).
Albuminuria was deﬁned by an albumin-to-creatinine ratio
.30 mg/g in a morning urine sample. Diabetes was
deﬁned as fasting serum glucose $126 mg/dl, self-

Figure 1. | In total, 394 patients with abnormal kidney size because of
underlying kidney disease, or missing data on ultrasonography were
excluded.

reported diabetes, and/or use of insulin or oral hypoglycemic drugs. Body surface area was estimated using the Du
Bois formula (11).
Ultrasonography was performed at study enrollment,
according to protocol to register kidney size, using an ATL
HDI 3000 (Advanced Technology Laboratories, Bothell,
WA) equipped with 4–2 MHz curved array transducer.
These measurements are routinely performed by well
trained and experienced technicians at the diagnostic
vascular laboratory of the Radiology Department. Kidney
length was measured as the maximum pole-to-pole length
in the oblique sagittal plane. Carotid intima media thickness was measured in the anterolateral, posterolateral, and
mediolateral directions with an ATL Ultramark 9 (Advanced Technology Laboratories) equipped with a 10-MHz
linear array transducer. Carotid intima media thickness
was deﬁned as the mean of the left and right common
carotid artery measurements.
Follow-Up and Outcomes
Patients were biannually asked to complete a standardized questionnaire regarding newly diagnosed diseases
and hospital admissions. Complete information of each
reported event was collected and independently reviewed
by three members of the SMART end point committee. The
outcomes of interest included the composite of major cardiovascular events (including myocardial infarction, stroke, and
cardiovascular mortality), all-cause mortality, and ESRD (need
for long-term dialysis or RRT) (Supplemental Table 1). In total,
633 patients (6.2%) were lost to follow-up.
Data Analyses
Mean kidney length was the average of left and right
kidney length. Baseline characteristics are presented as
tertiles of mean kidney length. Differences across tertiles of
kidney length were assessed using one-way ANOVA for
continuous variables and chi-squared test for categorical
variables. Linear regression analyses were used to determine the relationship between each patient characteristic
and mean kidney length separately. Potential patient
characteristics included risk factors for cardiovascular
disease and anthropomorphic measurements. Results
were adjusted for confounders, including age and sex.
In a second exploratory model, eGFR was added to
evaluate which patient characteristics were related to
mean kidney length independent of eGFR. To directly
compare the inﬂuence of continuous patient characteristics
on kidney length, the standardized coefﬁcient of each
continuous patient characteristic was calculated. We evaluated model assumptions, including homogeneity of residuals and multicollinearity. No violation was observed.
Reference values were on the basis of kidney length
measurements in the study population. Reference values
for mean kidney length were presented as the ﬁfth, 50th,
and 95th percentiles according to body height and age,
using separate values for men and women.
The relationship between mean kidney length and major
cardiovascular events (composite and individual components), all-cause mortality, and ESRD was evaluated by
Cox proportional hazard models. Potential confounders
were chosen on the basis of literature, including age, sex,
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smoking, body height, waist circumference, fasting glucose,
systolic BP, and albuminuria (3,12–14). First, kidney length
was modeled with a restricted cubic spline to determine if
there was a nonlinear relationship between kidney length
and cardiovascular events and mortality. There appeared to
be a U-shaped relationship between kidney length and
adverse outcomes, indicating that small and large kidney
length were related to a higher risk of adverse outcomes
(Supplemental Figure 1). Kidney length was divided into
tertiles to ensure a sufﬁcient number of events in each tertile
for the outcome of ESRD. The second tertile of kidney length
was chosen as the reference category. Two models were
made, and the ﬁrst model included all potential confounders.
The second model included all potential confounders and
eGFR because the relationship between kidney length and
adverse outcomes may simply reﬂect the relationship between eGFR and adverse outcomes. Results are presented as
hazard ratios (HRs) with 95% conﬁdence intervals (95% CIs).
Because the relationship between kidney length and
adverse outcomes might be different in patients with
clinically manifest vascular disease compared with patients
with cardiovascular risk factors, the modifying effect of
clinically manifest vascular disease was examined on a
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multiplicative scale by incorporating interaction terms in
the second model. The modifying effect of eGFR on the
relationship between kidney length and adverse outcomes
was assessed similarly.
Sensitivity analyses were performed to determine whether
the relationship between mean kidney length and adverse
outcomes was inﬂuenced by the proportion of patients with
large differences in left and right kidney length. Kidney length
differences may arise from underlying kidney disease, such as
unilateral atrophy because of severe renal artery stenosis (15).
A decrease in kidney length of 21.9 cm (range, 21.2 to 23.4)
has been reported in patients with severe renal artery stenosis
(16). Therefore, we excluded patients with a kidney length
difference of .2 cm. Lastly, patients with diabetes were
excluded to assess the robustness of our results.
Proportional hazard assumptions were evaluated using
Schoenfeld residuals, and no violation was observed.
Missing data for covariates were imputed using bootstrapping and predictive mean matching (17). Imputed variables
included smoking (0.8%), systolic BP (0.2%), and albuminuria (4.5%). Probability values ,0.05 were considered
signiﬁcant. Analyses were performed with R statistical software, version 3.0.3 (http://R-project.org).

Table 1. Baseline characteristics of all participants by tertiles of mean kidney length

Mean Kidney Length
Characteristics

Range of kidney length, cm
Men
Age, yr
History of vascular disease
Cerebrovascular disease
Coronary heart disease
Peripheral arterial disease
Abdominal aortic aneurysm
Diabetes mellitus
Smoking, current or past
Body height, cm
Waist circumference, cm
Body mass index, kg/m2
Body surface area, m2
Systolic BP, mmHg
Diastolic BP, mmHg
Intima media thickness, mm
Cholesterol, mg/dl
Triglycerides, mg/dl
LDL cholesterol, mg/dl
HDL cholesterol, mg/dl
Creatinine, mg/dl
eGFR, ml/min per 1.73 m2
Albuminuria
HbA1c, %
Glucose-lowering drugs
BP-lowering drugs
ACE inhibitors
Angiotensin II receptor blockers
Lipid-lowering drugs

First Tertile
(n=3567)
7.8–10.8
1773 (50%)
59 (13)
813 (23%)
1415 (40%)
483 (14%)
203 (6%)
531 (15%)
2455 (69%)
170 (9)
89 (12)
26 (4)
1.8 (0.2)
142 (23)
82 (13)
0.85 [0.70–1.00]
200 (52)
23 (17–34)
120 (46)
52 (16)
1.1 (0.3)
72 (18)
520 (15%)
5.9 (1.0)
316 (9%)
2412 (68%)
969 (27%)
405 (11%)
1933 (54%)

Second Tertile
(n=3562)
10.9–11.6
2438 (68%)
56 (12)
699 (20%)
1474 (41%)
433 (12%)
193 (5%)
635 (18%)
2597 (74%)
175 (8)
94 (12)
27 (4)
2.0 (0.2)
141 (21)
83 (12)
0.83 [0.70–0.98]
198 (53)
25 (18–36)
119 (46)
49 (15)
1.0 (0.2)
80 (17)
496 (15%)
6.0 (1.0)
373 (10%)
2309 (65%)
982 (28%)
384 (11%)
1981 (56%)

Third Tertile
(n=3122)
11.7–16.1
2604 (83%)
54 (11)
537 (17%)
1317 (42%)
397 (13%)
190 (6%)
808 (26%)
2413 (78%)
179 (8)
101 (13)
28 (5)
2.1 (0.2)
142 (20)
84 (12)
0.83 [0.70–0.98]
197 (56)
28 (19–42)
117 (45)
45 (14)
1.0 (0.2)
86 (17)
506 (17%)
6.3 (1.3)
483 (15%)
2118 (68%)
914 (29%)
368 (12%)
1759 (56%)

P Value

,0.001
,0.001
,0.001
0.10
0.21
0.50
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.01
,0.001
0.14
0.07
,0.001
0.02
,0.001
,0.001
,0.001
0.02
,0.001
,0.001
0.01
0.13
0.43
0.19

Values are presented as number (percentage), mean (SD), or median [interquartile range]. HbA1c, hemoglobin A1c; ACE, angiotensinconverting enzyme.
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Results
Baseline Characteristics
Information on 10,251 patients and data on 20,502
kidneys were used for analyses. Mean kidney length
ranged from 7.8 to 16.1 cm (Table 1). Patients in the third
tertile of kidney length were more likely to be men, on
average younger, more likely to have diabetes, had larger
body height, higher BMI, and higher eGFR compared with
patients in the ﬁrst tertile of kidney length.
Patient Characteristics Correlated with Kidney Length
The relationship between each patient characteristic and
kidney length was analyzed separately. Sex correlated
with a larger kidney length for men compared with women
(6.50 mm; 95% CI, 6.15 to 6.85) (Table 2). A 10-year age
increase correlated with a smaller kidney length
(21.59 mm; 95% CI, 21.73 to 21.46). Presence of diabetes
correlated with a larger kidney length (3.00 mm; 95% CI,
2.59 to 3.42). A higher body height (3.36 mm; 95% CI, 3.12
to 3.59 per 10 cm) and body surface area (2.04 mm; 95% CI,
1.95 to 2.13 per 0.1 m2) correlated with a larger kidney
length. Furthermore, albuminuria (0.83 mm; 95% CI, 0.38
to 1.29) and eGFR (1.62 mm; 95% CI, 1.52 to 1.73 per 10 ml/

min per 1.73 m2) correlated with a larger kidney length.
Additional adjustment of eGFR yielded similar results.
In a direct comparison of continuous variables on kidney
length, a 1 SD higher body surface area (4.54 mm; 95% CI,
4.36 to 4.72 per 1 SD) and eGFR (2.97 mm; 95% CI, 2.77 to
3.16 per 1 SD) strongly correlated with kidney length
(Supplemental Table 2).
Reference Values of Kidney Length according to Body Height
and Age
There was a linear relationship between kidney length in
percentiles and body height (Figure 2). Kidney length
differences between men and women seemed to be on the
basis of variation in body height. There was a positive
relationship between kidney length and age in patients ,50
years, and a negative relationship in patients .50 years.
Relationship between Kidney Length and Cardiovascular
Events, Mortality, and ESRD
During the median follow-up of 6.3 years (interquartile
range, 3.4–9.6 years), 1317 patients experienced a major
cardiovascular event, including 711 myocardial infarctions,
369 strokes, and 735 vascular cause deaths. A total of 1462

Table 2. Patient characteristics correlated with mean kidney length in patients with cardiovascular disease and risk factors (n=10,251)

Model 1

Model 2

Characteristics

Mean Kidney Length
in mm (95% CI)

Mean Kidney Length
in mm (95% CI)

Men
Age, per 10 yr
Cerebrovascular disease
Coronary heart disease
Abdominal aortic aneurysm
Peripheral arterial disease
Diabetes mellitus
Smoking current or past
Body height, per 10 cm
Waist circumference, cm
Body mass index, kg/m2
Body surface area, per 0.1 m2
Systolic BP, per 10 mmHg
Diastolic BP, per 10 mmHg
Intima media thickness, per 0.1 mm
Total cholesterol, per 10 mg/dl
Log(triglycerides), mg/dl
LDL cholesterol, per 10 mg/dl
HDL cholesterol, mg/dl
eGFR, per 10 ml/min per 1.73 m2
Albuminuria
HbA1c, %

6.50 (6.15 to 6.85)a
21.59 (21.73 to 21.46)c
20.70 (21.11 to 20.29)
20.01 (20.36 to 0.35)
20.06 (20.55 to 0.43)
0.38 (20.34 to 1.10)
3.00 (2.59 to 3.42)
1.06 (0.68 to 1.43)
3.36 (3.12 to 3.59)
0.22 (0.21 to 0.24)
0.56 (0.52 to 0.59)
2.04 (1.95 to 2.13)
0.23 (0.16 to 0.31)
0.46 (0.32 to 0.59)
0.13 (0.06 to 0.20)
0.001 (20.03 to 0.03)
1.34 (1.06 to 1.62)
20.03 (20.07 to 0.01)
20.06 (20.07 to 20.05)
1.62 (1.52 to 1.73)
0.83 (0.38 to 1.29)
1.28 (1.09 to 1.46)

5.92 (5.59 to 6.26)b
20.18 (20.34 to 20.02)d
20.59 (20.99 to 20.19)
0.05 (20.29 to 0.39)
20.09 (20.57 to 0.38)
0.90 (0.21 to 1.59)
2.75 (2.36 to 3.15)
0.85 (0.49 to 1.21)
3.41 (3.19 to 3.63)
0.22 (0.21 to 0.24)
0.56 (0.53 to 0.60)
2.06 (1.98 to 2.15)
0.27 (0.20 to 0.35)
0.53 (0.41 to 0.66)
0.15 (0.08 to 0.22)
0.01 (20.02 to 0.04)
1.65 (1.38 to 1.92)
20.02 (20.06 to 0.01)
20.07 (20.08 to 20.06)
—
1.53 (1.10 to 1.97)
1.16 (0.98 to 1.33)

Each patient characteristic was analyzed separately. The coefﬁcients indicate the difference in mean kidney length (millimeter). For the
categorical variables, this difference is correlated with the presence or absence of the characteristic. For the continuous variables, this
difference is correlated with a one unit increase of the variable. Model 1: each patient characteristic was adjusted for age and sex. Model 2:
each patient characteristic was adjusted for age, sex, and eGFR. 95% CI, 95% conﬁdence interval; —, no change in coefﬁcients because the
model already included eGFR; HbA1c, hemoglobin A1c.
a
Adjusted for age.
b
Adjusted for age and eGFR.
c
Adjusted for sex.
d
Adjusted for sex and eGFR.
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Figure 2. | There is a positive linear relationship between percentiles
of kidney length and body height, whereas kidney length declines in
patients >50 years.

patients died of any cause and 52 patients developed ESRD.
The highest crude event rates were observed for all-cause
mortality, which was 23.1 for patients in the ﬁrst tertile,
17.6 for patients in the second tertile, and 17.2 for patients
in the third tertile of kidney length (Table 3).
The data were then analyzed using two models to
account for potential confounders, one without eGFR
(model 1) and one including eGFR (model 2). Patients in
the ﬁrst tertile of kidney length (7.8–10.8 cm) were at higher
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risk of cardiovascular mortality (HR, 1.38; 95% CI, 1.11 to
1.71) and cardiovascular events (HR, 1.20; 95% CI, 1.02 to
1.40) compared with patients in the second tertile of kidney
length (10.9–11.6 cm) (Table 4, model 1). Patients in the
third tertile of kidney length (11.7–16.1 cm) were at higher
risk of cardiovascular events (HR, 1.19; 95% CI, 1.02 to 1.40)
and at lower risk of ESRD (HR, 0.34; 95% CI, 0.14 to 0.82)
compared with patients in the second tertile of kidney
length.
In exploratory analyses, patients in the ﬁrst tertile of
kidney length were at lower risk of ESRD (HR, 0.39; 95%
CI, 0.17 to 0.87) compared with patients in the second tertile
of kidney length, after additional adjustment for eGFR
(model 2). Compared with patients in the second tertile of
kidney length, there was a higher risk of myocardial
infarction (HR, 1.26; 95% CI, 1.02 to 1.56), cardiovascular
mortality (HR, 1.33; 95% CI, 1.05 to 1.67), and cardiovascular events (HR, 1.28; 95% CI, 1.09 to 1.50) for patients in
the third tertile of kidney length after additional adjustment for eGFR.
No signiﬁcant effect modiﬁcation was observed for
patients with clinically manifest vascular disease compared
with patients without vascular disease (P value for interaction .0.05). Also, there was no effect modiﬁcation by
eGFR on the relationship between kidney length and adverse
outcomes (P values for interaction .0.05). This means that
the relationship between kidney length and adverse outcomes was not different for patients with low or high eGFR.
Sensitivity analyses were performed by excluding 412
patients with kidney length differences of .2 cm. Excluding these patients did not change the results (Supplemental
Table 3). Excluding 1974 patients with diabetes did not
substantially change the direction or the magnitude of the
effects estimates, except that patients in the ﬁrst tertile
of kidney length were no longer at lower risk of ESRD
(Supplemental Table 4).

Discussion
In this prospective cohort study of patients at high
cardiovascular risk, kidney length is strongly correlated
with body surface area and eGFR. Patients with large
kidney length were at higher risk for cardiovascular events
and mortality compared with patients with average kidney
length. Patients with small kidney length were not at
higher risk for adverse cardiovascular events.

Table 3. Crude event rates for cardiovascular disease, mortality, and ESRD according to tertiles of kidney length

Outcomes

First Tertile (n=3567)

Second Tertile (n=3562)

Third Tertile (n=3122)

Range of kidney length cm
Events per 1000 py for
Myocardial infarction
Stroke
Cardiovascular mortality
Cardiovascular events
All-cause mortality
ESRD

7.8–10.8

10.9–11.6

11.7–16.1

9.6
5.6
11.9
19.4
23.1
0.7

8.6
4.6
8.3
15.6
17.6
0.8

10.0
4.3
8.9
17.2
17.2
0.5

Py, person years.

926

Clinical Journal of the American Society of Nephrology

Table 4. Relationship between tertiles of kidney length and cardiovascular events, mortality, and ESRD

Outcomes

First Tertile (n=3567)

Second Tertile (n=3562)

Third Tertile (n=3122)

Range, cm
Myocardial infarction
No. of events
Model 1, HR (95% CI)
Model 2, HR (95% CI)
Stroke
No. of events
Model 1, HR (95% CI)
Model 2, HR (95% CI)
Cardiovascular mortality
No. of events
Model 1, HR (95% CI)
Model 2, HR (95% CI)
Cardiovascular events
No. of events
Model 1, HR (95% CI)
Model 2, HR (95% CI)
All-cause mortality
No. of events
Model 1, HR (95% CI)
Model 2, HR (95% CI)
ESRD
No. of events
Model 1, HR (95% CI)
Model 2, HR (95% CI)

7.8–10.8

10.9–11.6

11.7–16.1

241
1.15 (0.93 to 1.43)
1.07 (0.86 to 1.33)

225
Reference
Reference

245
1.20 (0.97 to 1.48)
1.26 (1.02 to 1.56)

142
1.12 (0.84 to 1.50)
1.04 (0.77 to 1.39)

121
Reference
Reference

106
1.06 (0.78 to 1.43)
1.12 (0.82 to 1.52)

300
1.38 (1.11 to 1.71)
1.21 (0.96 to 1.51)

217
Reference
Reference

218
1.22 (0.97 to 1.54)
1.33 (1.05 to 1.67)

487
1.20 (1.02 to 1.40)
1.09 (0.93 to 1.27)

409
Reference
Reference

421
1.19 (1.02 to 1.40)
1.28 (1.09 to 1.50)

582
1.13 (0.97 to 1.32)
1.06 (0.91 to 1.23)

460
Reference
Reference

420
1.07 (0.92 to 1.26)
1.12 (0.96 to 1.32)

18
1.21 (0.58 to 2.54)
0.39 (0.17 to 0.87)

22
Reference
Reference

12
0.34 (0.14 to 0.82)
0.61 (0.25 to 1.53)

Model 1 adjusted for age, sex, smoking, body height, waist circumference, fasting glucose, systolic BP, and albuminuria. Model 2 adjusted
for age, sex, smoking, body height, waist circumference, fasting glucose, systolic BP, albuminuria, and eGFR. HR, hazard ratio; 95% CI,
95% conﬁdence interval.

For proper evaluation, kidney length needs to be interpreted taking body height of the patient into account
because individual variation in kidney length is mainly
correlated with anthropomorphic characteristics (18–21).
The relationship between anthropometric characteristics,
such as body height and body surface area, and kidney
length was conﬁrmed in this study. The differences in
kidney length between sex seemed to be on the basis of
variation in body height. However, a previous study on
renal parenchymal volume demonstrated this was smaller
in women, irrespective of body surface area (22). This
observation suggests that differences in kidney size are not
merely explained by differences in body size.
Kidney length could also potentially be used as a marker
to identify patients who confer a higher risk of cardiovascular events and mortality. We demonstrated that large
kidney length is related to relevant cardiovascular and
mortality outcomes. Patients with small kidney length
were no longer at higher risk of cardiovascular adverse
outcomes after additional adjustment for eGFR. This might
be because of the relationship between eGFR and kidney
length. The relationship between kidney size and kidney
function is in line with other studies that reported that
eGFR is related to various measurements of kidney size
(19,21,22). This ﬁnding suggests that the higher risk of
cardiovascular events and mortality for patients with small
kidney length is probably driven by low eGFR rather than
small kidney length, which is an independent risk factor for

cardiovascular disease (1). Furthermore, we found that
there was no effect modiﬁcation by eGFR, indicating that
the relationship between kidney length and adverse events
was not different for patients with low or high eGFR.
Therefore, in patients who are considered to have a normal
kidney function, large kidney length could be a marker of
higher cardiovascular and renal risk.
The mechanism of how large kidneys are related to
higher risk of vascular and renal adverse events remains
unclear. Enlargement of the kidneys was ﬁrst discovered in
1973 in diabetic patients and has been related to glomerular
hyperﬁltration (23,24). The presence of several pathophysiologic mechanisms are thought to play a role in the
development of glomerular hyperﬁltration, including hemodynamic changes such as increased glomerular capillary
ﬂow and glomerular capillary pressure (25). Glomerular
hyperﬁltration is considered to be an early manifestation of
nephropathy and is associated with vascular risk factors,
such as diabetes, hypertension, and smoking (26,27). In
more advanced stages of diabetic nephropathy, large
kidneys have been related to higher risk of dialysis,
suggesting that patients with large kidneys are at risk of
progressive kidney function loss (5). However, presence of
diabetes cannot explain the observed higher cardiovascular
risk in patients with large kidney length because the results
were adjusted for fasting glucose, and in a sensitivity
analysis, exclusion of diabetic patients yielded similar
results. The relationship between large kidney length
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and cardiovascular events in the analyses without adjustment of eGFR could potentially be diluted by patients
with normal to high eGFR because a relationship with
myocardial infarction and cardiovascular mortality is
observed after adjustment for eGFR. This suggests that
the observed higher cardiovascular risk might be because
of a discrepancy between kidney function and kidney
size. It could therefore be speculated that large kidney
length without corresponding normal to high eGFR
may identify patients who are progressively declining
in kidney function.
The strengths of this study include the design of a singlecenter prospective cohort study with substantial follow-up
duration and a large number of clinical relevant outcomes.
Kidney measurements were performed according to a
protocol by well trained technicians.
Some limitations need to be considered. Computed tomography is a more precise method for measuring kidney
length compared with ultrasonography (28). A previous
study reported that the intra- and interobserver mean difference of the kidney length measurements were 20.01 cm
(95% CI, 21.36 to 1.33) and 20.07 cm (95% CI, 21.27 to 1.13),
respectively (29). This indicates that there might be a slight
difference between repeated measurements. In clinical practice, ultrasonography is most often used in the initial
evaluation of patients suspected of kidney disease and
therefore enhances the applicability of our results. Furthermore, kidney function was estimated using the CKD-EPI
equation, which can underestimate at high values (8). Because
only 16 patients had an eGFR$130 ml/min per 1.73 m2, and
they were equally distributed across tertiles of kidney length,
it is unlikely that this inﬂuenced the results. Lastly, the
study population included patients with clinically manifest
vascular disease and risk factors for vascular disease,
which might decrease generalizability to the general
population. It is not known whether the tertiles of kidney
length, as observed in this study, fall within the distribution of kidney length in the general population. A study
conducted within a general population cohort is needed
to establish if these results are applicable to a low-risk
population.
In conclusion, in patients at high cardiovascular risk,
large kidney length is related to higher risk of cardiovascular events and mortality, irrespective of eGFR. In patients
with normal kidney function, measurement of kidney
length in clinical practice may serve as a marker to further
identify patients at high cardiovascular risk.
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Supplemental Material
Supplemental Table 1. Definitions of outcomes
Myocardial infarction
At least two of the following criteria: 1. chest pain for at least 20
minutes, not disappearing after administration of nitrates; 2. ST‐
elevation > 1mm in two following leads or a left bundle branch
block of the electrocardiogram; 3. Creatine kinase (CK) elevation of
at least two times the normal value of CK and a myocardial fraction
>5% of total CK
Stroke
Definite: relevant clinical features causing an increase in
impairment of at least one grade on the modified Rankrin scale,
accompanied by an infarction of hemorrhage on a repeat CT‐scan
Probable: clinical deficits causing an increase in impairment of at
least one grade in the modified Rankin scale, without CT
documentation
Cardiovascular mortality Death from myocardial infarction, stroke, congestive heart failure,
or rupture of abdominal aortic aneurysm.
Sudden death (unexpected cardiac death occurring within 1 hour
after onset of symptoms, or within 24 hours given convincing
circumstantial evidence)
Cardiovascular event
Composite of myocardial infarction, stroke, retinal infarction, and
cardiovascular mortality
All‐cause mortality
Death from any cause
End‐stage renal disease Need for long‐term dialysis or renal replacement therapy
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Supplemental Table 2. Patient characteristics correlated with mean kidney
length in patients with cardiovascular disease and vascular risk factors
(n=10,251). Each patient characteristic was analyzed separately.
Model 1
Mean kidney length in mm
SD
(95%CI)
Male sex
6.50 (6.15 ‐ 6.85)¹
12
Age (years) per SD
‐1.97 (‐2.13 ‐ ‐1.80)²
Cerebrovascular disease
‐0.70 (‐1.11 ‐ ‐0.29)
Coronary heart disease
‐0.01 (‐0.36 ‐ 0.35)
Abdominal aortic aneurysm
‐0.06 (‐0.55 ‐ 0.43)
Peripheral arterial disease
0.38 (‐0.34 ‐ 1.10)
Diabetes mellitus
3.00 (2.59 ‐ 3.42)
Smoking current or past
1.06 (0.68 ‐ 1.43)
9
Body height (cm) per SD
3.12 (2.90 ‐ 3.34)
13
Waist circumference (cm) per SD
2.91 (2.73 ‐ 3.08)
4
Body mass index (kg/m²) per SD
2.42 (2.27 ‐ 2.58)
0.2
4.54 (4.36 ‐ 4.72)
Body surface area (m²) per SD
22
Systolic blood pressure (mmHg) per SD
0.50 (0.33 ‐ 0.67)
12
Diastolic blood pressure (mmHg) per SD
0.57 (0.40 ‐ 0.73)
0.27
Intima media thickness (mm) per SD
0.34 (0.16 ‐ 0.53)
54
Total cholesterol (mg/dL) per SD
0.01 (‐0.16 ‐ 0.17)
0.6
Log(triglycerides) (mg/dL) per SD
0.78 (0.61 ‐ 0.94)
46
LDL‐cholesterol (mg/dL) per SD
‐0.13 (‐0.30 ‐ 0.03)
15
HDL‐cholesterol (mg/dL) per SD
‐0.87 (‐1.05 ‐ ‐0.70)
18
eGFR (ml/min per 1.73m²) per SD
2.97 (2.77 ‐ 3.16)
Albuminuria
0.83 (0.38 ‐ 1.29)
1.1
HbA1c (%) per SD
1.41 (1.21 ‐ 1.62)
Model 1: each patient characteristic was adjusted for age and sex.
¹ adjusted for age, ² adjusted for sex, SD standard deviation
* For example; a one standard deviation higher eGFR (corresponding to 18
ml/min per 1.73m²) is correlated with a 2.97 mm larger kidney length (95%CI;
2.77 ‐ 3.16).
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Supplemental Table 3. Relation between tertiles of kidney length and cardiovascular
events, mortality, and End‐Stage Renal Disease, excluding patients with a kidney length
difference of >2 cm
First tertile
Second tertile
Third tertile
(n=3414)
(n=3415)
(n=2941)
Range (cm)
7.8‐10.8
10.9‐11.6
11.7‐16.1
HR (95%CI)
HR (95%CI)
HR (95%CI)
Myocardial infarction
Number of events
221
211
229
Model I
1.13 (0.91 ‐ 1.41)
reference
1.21 (0.97 ‐ 1.50)
Model II
1.07 (0.85 ‐ 1.34)
reference
1.26 (1.01 ‐ 1.57)
Stroke
Number of events
139
119
99
Model I
1.14 (0.85 ‐ 1.53)
reference
1.03 (0.75 ‐ 1.41)
Model II
1.05 (0.78 ‐ 1.41)
reference
1.10 (0.80 ‐ 1.50)
Cardiovascular mortality
Number of events
270
201
201
Model I
1.31 (1.04 ‐ 1.64)
reference
1.22 (0.96 ‐ 1.55)
Model II
1.16 (0.92 ‐ 1.46)
reference
1.32 (1.04 ‐ 1.68)
Cardiovascular events
Number of events
453
386
391
Model I
1.18 (1.00 ‐ 1.38)
reference
1.18 (1.01 ‐ 1.40)
Model II
1.08 (0.91 ‐ 1.27)
reference
1.27 (1.07 ‐ 1.50)
All‐cause mortality
Number of events
531
436
390
Model I
1.08 (0.92 ‐ 1.26)
reference
1.06 (0.90 ‐ 1.25)
Model II
1.02 (0.87 ‐ 1.20)
reference
1.10 (0.93 ‐ 1.29)
End Stage Renal Disease
Number of events
16
21
10
Model I
1.03 (0.47 ‐ 2.23)
reference
0.26 (0.10 ‐ 0.69)
Model II
0.32 (0.14 ‐ 0.75)
reference
0.44 (0.16 ‐ 1.20)
Model I age, sex, smoking, body height, waist circumference, diabetes, systolic blood
pressure and albuminuria adjusted
Model II age, sex, smoking, body height, waist circumference, diabetes, systolic blood
pressure, albuminuria and eGFR adjusted
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Supplemental Table 4. Relation between tertiles of kidney length and cardiovascular
events, mortality, and End‐Stage Renal Disease, excluding patients with diabetes mellitus
First tertile
Second tertile
Third tertile
(n=3036)
(n=2927)
(n=2314)
Range (cm)
7.8‐10.8
10.9‐11.6
11.7‐16.1
HR (95%CI)
HR (95%CI)
HR (95%CI)
Myocardial infarction
Number of events
197
168
164
Model I
1.23 (0.97 ‐ 1.57)
reference
1.24 (0.97 ‐ 1.59)
Model II
1.15 (0.90 ‐ 1.47)
reference
1.30 (1.02 ‐ 1.67)
Stroke
Number of events
116
93
77
Model I
1.12 (0.80 ‐ 1.56)
reference
1.13 (0.80 ‐ 1.59)
Model II
1.05 (0.75 ‐ 1.47)
reference
1.19 (0.84 ‐ 1.68)
Cardiovascular mortality
Number of events
231
157
132
Model I
1.37 (1.06 ‐ 1.77)
reference
1.18 (0.89 ‐ 1.57)
Model II
1.19 (0.91 ‐ 1.55)
reference
1.28 (0.96 ‐ 1.71)
Cardiovascular events
Number of events
388
306
279
Model I
1.22 (1.02 ‐ 1.47)
reference
1.22 (1.01 ‐ 1.47)
Model II
1.12 (0.93 ‐ 1.35)
reference
1.29 (1.07 ‐ 1.56)
All‐cause mortality
Number of events
459
345
270
Model I
1.11 (0.94 ‐ 1.33)
reference
1.06 (0.88 ‐ 1.29)
Model II
1.06 (0.89 ‐ 1.27)
reference
1.10 (0.90 ‐ 1.33)
End‐Stage Renal Disease
Number of events
16
14
3
Model I
1.79 (0.73 ‐ 4.35)
reference
0.26 (0.07 ‐ 0.99)
Model II
0.75 (0.29 ‐ 1.95)
reference
0.80 (0.20 ‐ 3.21)
Model I age, sex, smoking, body height, waist circumference, fasting glucose, systolic blood
pressure and albuminuria adjusted
Model II age, sex, smoking, body height, waist circumference, fasting glucose, systolic
blood pressure, albuminuria and eGFR adjusted
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Supplemental Figure 1. Relation between kidney length and cardiovascular events and
mortality. Results are presented as adjusted hazard ratios and 95% confidence intervals
(dotted lines).
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