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1 | INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of morbidity and
mortality globally,* accounting for >30% of global deaths.2 An impor-
tant risk factor for cardiovascular (CV) mortality is chronic kidney dis-
ease (CKD). In particular, a low glomerular filtration rate (GFR) has
been associated with high CV risk. In patients with stage 3 CKD, CV
mortality is approximately twice as probable and the risks of develop-
ing heart failure, stroke, peripheral artery disease, coronary heart dis-
ease (CHD) and atrial fibrillation are significantly increased compared
with individuals with normal kidney function, independently of age,®
gender® and ethnicity.>"?

However, beyond this relationship solely with impaired kidney
function, CV risk is not only increased with low GFR, but also with
higher than normal GFR. Patients in this elevated GFR group have
been defined as hyperfilterers based on “whole kidney” renal hyper-
filtration (RHF), a condition that should be differentiated from glomer-
ular hyperfiltration (GHF) or “single-nephron” hyperfiltration, which
occurs in subjects with decreased total GFR or decreased renal mass
(as discussed below). RHF is defined as estimated GFR (eGFR) of more
than two standard deviations above the mean GFR of healthy individ-
uals'® by the kidney disease outcomes quality initiative (K/DOQI)
guidelines. The clinical description of RHF is “an ‘unexpectedly high
eGFR’ above a certain threshold, varying between 130 and 140 ml/min
per 1.73 m?".2! The strict definition of this threshold is complicated
by the fact that GFR also varies among individuals of different sex,
ethnicity and nephron number at birth. Furthermore, there is consid-
erable GFR variability over time, including age-related GFR decline,
and inaccuracy in GFR measurements, as virtually all studies estimate
GFR through plasma creatinine measurements. Nevertheless, RHF is a
frequently observed, albeit disregarded phenomenon, observed in
both physiologic and pathologic states, including pregnancy, high pro-
tein diets, early diabetes and obesity.>*1"?° The importance of RHF
was proposed by Mogensen et al., who showed that an early phase of
renal involvement in patients with type 1 diabetes frequently involves
a period of elevated GFR levels, which leads to a slow decline in kid-
ney function over time, ultimately leading to end-stage kidney disease
in a proportion of those afflicted with this condition.?*

GHF, on the other hand, is a condition that occurs in patients with
impaired kidney function and/or reduced nephron numbers, reflecting
increased filtration per single nephron, which has been classically con-
sidered the culprit of subsequent renal injury in various kidney
diseases,?2 and is characterized by increased glomerular pressure.2324
In humans, the filtration fraction (GFR/renal plasma flow) is used as a
surrogate for glomerular pressure, but is impractical for utilization in
large populations given the elaborate techniques required to measure
GFR and renal plasma flow. This, in part, explains why the prognostic
importance of increased glomerular pressure with respect to renal and
CV outcome is unknown in humans.

RHF has long been recognized as associated with certain diseases.
However, it has only been recently suggested that RHF has an inde-

pendent predictive value for clinical outcomes, such as increased CV

and overall mortality,>>?% as well as for eGFR decline.?®?” RHF is
also related to an increased incidence of coronary artery calcifica-

2528 and left ventricular hypertrophy.2>2° Some meta-analyses

tion
examining the relationship between CKD and mortality have also
reported an increased mortality risk in patients with high GFR
values. 343031

However, whether this concerns a cause-and-effect relationship,
and which underlying mechanisms are involved, is not well-defined.
Considering these uncertainties, we critically summarized the studies
exploring the association between high GFR and CVD and overall

mortality in a systematic review.

2 | METHODS

2.1 | Data sources and literature search

The electronic databases of Ovid-MEDLINE, PubMed/MEDLINE,
Web of Science, EMBASE (Elsevier), CINAHL (EBSCO), Cochrane
Central Register of Controlled Trials (Wiley), and the clinicaltrials.gov
website were searched (up to September 7, 2018) using the terms
“GFR”, “hyperfiltration”, “mortality”, “cardiovascular events”, “all-cause
mortality” and “cardiovascular mortality”. The search was limited to
peer-reviewed journals and congress abstracts (American Society of
Nephrology, International Society of Nephrology, European Renal
Association, American Heart Association, European Society of Cardi-
ology) that were published in English from January 1988 to
September 2018. Unpublished data were not included in the study
(Figure 1). Three authors (L. A. E.,, E. O. and M. K.) independently
screened the titles and abstracts, and the full text if needed, of the
search results, to determine which studies fulfilled the inclusion
criteria. A manual search of reference lists from relevant articles was

also conducted.

2.2 | Study selection

Eligibility criteria for inclusion in this review were: (i) prospective (ran-
domized or non-randomized), cross-sectional or retrospective design;
(i) estimation or measurement of GFR through serum creatinine-
based equations or other means; and (iii) reports of all-cause mortality,
CV risk indicators, CV events (CVEs) and/or mortality. Exclusion
criteria included (i) the absence of an adequate description of results
despite requesting missing data from the corresponding author of the
article, and (ii) articles not classified as original articles (e.g. reviews
and meta-analyses).

Quality assessment of the included studies was conducted using
the Newcastle Ottawa Scale.3? This scale takes into account three
dimensions of a study to determine its relative quality: selection of
study groups, comparability of the groups, and assessment of out-
come. Stars were given for each quality item to serve as a quick visual
assessment; studies of the highest quality were awarded nine stars
(Table S1).


http://clinicaltrials.gov
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FIGURE 1 Flow diagram of the
study selection process 2120 citations retrieved

By literature searching:
* 1401 Ovid-MEDLINE
* 689 Pubmed
* 24 Cochrane Central

Records identified through other
sources (n=4)

\

2120 articles selected for
title/abstract screening

2085 Excluded:
* 450 search overlap
* 1267 problem not pertinent
* 273 outcome not pertinent
* 95 review articles

35 articles selected for full text 35 Excluded:
evaluation * 8 population not pertinent

* 20 outcome not pertinent
* 7 review articles

event)

19 articles included with

e 7 articles (mortality)

¢ 8articles (mortality and
cardiovascular event)

e 1 article (cardiovascular

e 3 articles (cardiovascular
disease indicators)

Outcome:

2.3 | Outcome measures

We assessed the association between RHF/high GFR with all-cause
mortality, CVEs, CVD indicators and CV mortality.

3 | RESULTS

Nineteen studies, three cross-sectional, five prospective and 11 retro-
spective, fulfilled the entry criteria for investigating the relationship
between RHF/high renal function and all-cause mortality, CVEs or
CVD indicators. All reviewed studies involving all-cause and CV mor-
tality, and CVE/CVD indicators, are summarized in Table 1. The
majority of these studies were performed in general cohorts, while
three included patients with type 2 diabetes®3%> five included

D,?7353% and one included patients without

patients with prior CV
diabetes and prior CVD.%? The assessments used to study GFR were
heterogeneous: one used eGFR/kidney length and kidney volume,?®

one used measured GFR (mGFR) by iohexol clearance,?® one used

GFR measured by creatinine clearance,?’ while the others used eGFR
calculated with either Chronic Kidney Disease Epidemiology Collabo-
ration (CKD-EP|)?6-28:343540-44 4nd/or Modification of Diet in Renal
Disease (MDRD) Equations.27’33’36'39'43'45'46

Some of the studies abstained from using the terminology “hyper-
filtration”, considering that high eGFR values may not be an accurate
indication of true RHF, and used instead the terminology “high/-
highest GFR quartiles/groups”.3>:3¢:37:40434546 geyera| authors never
used the “hyperfiltration” term in their studies and discarded their
findings of high GFR merely as a “false overestimation of GFR by
creatinine-based equations”.384%4> |n fact, only a few studies defined

127,34,42,44

the high-GFR group as “hyperfiltering patients or indicated

that these represented ‘hyperfiltration’.24>”

3.1 | RHF and all-cause mortality

Fourteen studies examined the relationship between RHF and all-

cause mortality; the odds ratios that were provided in those studies
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Inrig et al.[36] .
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FIGURE 2 The effects of odds ratios of renal hyperfiltration versus normal renal function on development of all-cause mortality. Only the

odds ratios that were provided in the studies are given. HTN, hypertension

mortality. In one study performed in patients hospitalized for acute
ischaemic stroke, Mostofsky et al. found a U-shaped link between
eGFR and all-cause mortality, but the curve increased sharply at eGFR
values above 110 mL/min/1.73 m2. The all-cause mortality rate was
66% higher among patients with eGFR >125 mL/min/1.73 m? com-
pared with patients with eGFR 75-125 mL/min/1.73 m?3® Finally, in
a cohort study with approximately 17 000 participants followed for a
mean of 24 years, Di Angelantonio et al. showed that an eGFR
290 mL/min/1.73 m? was associated with an increased risk of non-
vascular borderline

mortality, with significance  after  full

adjustments.*

3.2 | RHF and development of CVEs and death

The relationship between hyperfiltration and CVEs was assessed in
eight studies; the odds ratios that were provided in the studies are
given in Figure 3.2627:39-4143-45 N1t of these studies also assessed

all-cause mortality, as described above. Six of the studies revealed sig-

27,40,41,43-45 and three

reported associations between RHF and CV mortality*3%3%; only two

nificant associations between RHF and CVEs,

reported no significant associations between these outcomes and
RHF.26'39

Park et al. reported a higher risk of developing hypertension and
CVD in subjects with hyperfiltration after adjusting for confounding
factors.** Similarly, another study showed that hyperfiltration was a
predictor of CVEs, independent of BMI and albuminuria.** After
excluding patients with diabetes from the analysis, the relationship
remained significant. Tonelli et al. reported a borderline significant
increase in stroke/transient ischaemic attack risk in the high eGFR
quartile, while acute myocardial infarction (MI) risk was lower in the

same quartile*®* One of the highest hazard ratios was reported by

Donfrancesco et al., as incident CVD risk increased in the eGFR
2109 mL/min/1.73 m? category by 7.0 (2.2-22.9) among the
elderly.®® Besides all-cause mortality, a study showed that eGFR
290 mL/min/1.73 m? was modestly associated with CHD.*> Finally,
although they reported a significant relationship with mortality, van
der Sande et al. did not find a relationship between CVEs and
eGFR/kidney length or eGFR/kidney volume in patients with clinically
manifest CVD.2® Similarly, a population-based study that included
subjects without diabetes and CVD found the lowest mortality in sub-

jects in the higher eGFR group.>®

3.3 | RHF and CVD indicators

Three studies assessed the relationship between various CVD indica-
tors and GFR.2>?82? Eriksen et al. studied total carotid plaque area
and left ventricular hypertrophy as indicators of atherosclerotic dis-
ease.?> This study is especially relevant as GFR was measured by
iohexol clearance, thus precluding any impact of reduced muscle mass
(a feature that lowers serum creatinine values) on the results. The high
mGFR quartile was associated with higher total carotid plaque area
and left ventricular hypertrophy compared with the lowest mGFR
quartile group, even after adjustment for CV risk factors, urinary albu-
min excretion and fasting serum glucose.?> Similarly, a recent study
showed that high eGFR was associated with coronary artery calcifica-
tion in middle-aged Korean men in a fully adjusted model.2® Another
study evaluated echocardiographic left ventricular hypertrophy in
patients with mild to moderate essential hypertension and showed a
significant correlation between left ventricular mass and high eGFR.
Also, the cardiac index was significantly higher in the group with the
highest eGFR (eGFR >130 mL/min/1.73 m?).2?
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Reboldi et. al.[41] -
Luoetal.(stroke and TIA) [35] —.
Di Angelantonio et al. [45] (2]

Nitsch et al. (CV women) [4] —o—

Nitsch et al. (CV men) [4] —8—

Donfrancescoet al. [40] .
Choi et al. (CV, Model 1) [28] ——

0 1 2 3 4 5 7 8 9 10 11 12 13 14 15
Odds Ratio

FIGURE 3 The effects of odds ratios of renal hyperfiltration versus normal renal filtration on development of cardiovascular event or disease.
Only the odds ratios that were provided in the studies are given. CV, cardiovascular; TIA, transient ischaemic attack

4 | DISCUSSION

The findings collected in this review suggest that RHF is indepen-
dently associated with CV and all-cause mortality, as well as with clini-
cal and subclinical CVD.

Although the pathophysiology of RHF and its consequences for
kidney disease are well known, the potential systemic consequences
are not well established. The evaluation of studies describing the
association between RHF and mortality strongly suggests RHF to be a
powerful predictor of mortality and CVD, with 13 out of 15 studies
reporting a significant correlation with mortality.2627:33-4042:46 |,
addition, seven studies reported that RHF is a predictor of
CVD 262740414345 Erom our literature search, three studies found
RHF to be significantly associated with surrogate CVD endpoints:

5

total carotid plaque area,?® coronary artery calcification®® and left

2529 \which are all considered as subclinical

ventricular hypertrophy,
CVD indicators.
Approximately 20-50% of patients with diabetes have been
reported as having RHF early in the course of the disease, and consti-
tute a high-risk population for RHF. Given that diabetes is a risk factor
for RHF development and also for increased risk of CVD and mortal-
ity, it is crucial to show whether the association between RHF and
mortality/CVD is dependent on the presence of diabetes. Of the
15 studies that did not solely include patients with diabetes, the risk
was adjusted for a history of diabetes in nine studies.26:28:37:38:40-43.45
In three studies, excluding patients with diabetes in sensitivity ana-
lyses did not change the results.***** Furthermore, one study rev-
ealed an association between RHF and mortality in patients with and
without diabetes.*? Putaala et al. also found that RHF was associated
independently with both type 2 diabetes and increased risk of
death.®” Interestingly, Van Biesen et al. included subjects without dia-
betes and CVD and found the lowest CV mortality in subjects in the

higher eGFR group.®’ Current findings suggest that the association

between RHF and mortality and CVD is seen in both diabetic and
non-diabetic populations, although patients with diabetes have a
higher risk of developing RHF.

4.1 | Potential mechanisms

Beyond describing the relationship between RHF and CVD, it is also
important to consider potential mechanisms responsible for this phe-
nomenon, as illustrated in Figure 4. First, RHF may be a simple marker
for the presence and severity of the primary pathology causing RHF
itself, such as diabetes, hypertension and obesity. Increased severity
of those conditions could also lead to increased risk of mortality.
Indeed, factors associated with these conditions, such as renin angio-
tensin aldosterone system (RAAS) activation and increased sympa-
thetic nervous system activity may lead to the development of
RHF*748 and premature mortality.234?5° Interestingly, Reboldi et al.
found an increased 24-hour pulse pressure in patients with RHF,
suggesting increased large-artery stiffness and peripheral vascular
alterations. Such alterations, in turn, may lead to increased risk of
CVEs.*! The same study also showed that hyperfiltering individuals
had an attenuated nocturnal decrease in blood pressure, possibly as a
result of sympathetic overactivity and RAAS activation.** In addition,
other vascular processes that drive hyperfiltration, including endothe-
lial dysfunction, increased arterial stiffness, higher blood pressure and
low-grade inflammation, may similarly drive large-vessel disease lead-
ing to CVEs.>¥>> However, there are arguments against the hypothe-
sis that RHF is merely a disease marker, such as the lack of any
difference in the association between RHF and mortality in patients
with or without diabetes or in any subgroup analysis of several stud-
ies, as discussed above.

Another explanation may be the direct harmful effect of RHF on
the kidney because of disturbed glomerular haemodynamics, as

already established in diabetes and obesity.>®">® However, in such a
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Causes of Renal Hyperfiltration

- Increased sympathetic activity

- Increased renin-angiotensin-aldesterone activity
- Hyperglycaemia and insulin resistance

- Obesity

- Increased autoimmune activation

- Impaired glomerular haemodynamics

FIGURE 4 Postulated
mechanisms for association between
glomerular hyperfiltration and
cardiovascular disease

- Inhibition of tubuloglomerular feedback (macula densa signals)

Glomerular Hyperfiltration

Afferent ateriole
Reduced arterial resistance

increased glomerular permgability
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scenario, it would be expected for high eGFR to have a stronger cor-
relation with CKD progression than with mortality, which was not
observed in two studies.*>>® Hence, it is probable that a systemic
pathophysiology underlies the increased risk of mortality rather than a
predominantly renal pathology. It is also not plausible to attribute the
increased mortality risk to the detrimental effects of albuminuria, as
the studies have shown the association to be independent of albumin-
uria, as discussed above.

It has been proposed that high eGFR values may not reflect a true
hyperfiltration but rather decreased serum creatinine caused by low
muscle mass and inflammation. If this hypothesis was correct, then no
association between mGFR and CV outcomes should have been
reported. All the reviewed studies here, except for Eriksen et al.,?®
used serum creatinine-based eGFR, not mGFR, making assessments
vulnerable to bias from non-GFR factors that regulate serum creati-
nine values. Although most of the reviewed studies included BMI in
their adjustments, BMI alone is insufficient to assess muscle mass.

Given that sarcopenia is predictive of mortality®” and all-cause
mortality includes death because of malignancy and chronic diseases
associated with cachexia, which are common in the elderly, muscle
mass could be a confounding factor for the relationship between all-
cause mortality and serum creatinine levels. However, such studies
were adjusted for surrogates of muscle mass. For example, in a

cohort of young apparently healthy men with a mean age of

Efferent ateriole
Increased arterial resistance

- Increased oxdative stress
- Increased inflammation

Endothelial dysfunction

- Increased arterial stiffness

- Increased blood pressure

- Impaired blood pressure variation

Increased cardiovascular disease
and mortality

18.4 years, RHF was associated with high metabolic risk, in terms of
blood pressure, glucose, HDL-cholesterol, triglycerides and BMI.%°
Importantly, the analysis was adjusted for fat-free mass, completely
excluding the possibility of a low muscle mass bias.?® Nevertheless,
some studies have attributed the association between RHF and mor-
tality to the low muscle mass among the elderly and females rather
than to any underlying disease-related cachexia.®® Most of the stud-
ies examining the association of RHF and outcomes found significant
associations even after adjusting for age and gender, suggesting that
the increased risk of mortality is not completely explained by the
lower creatinine levels in the elderly and in females.* In this regard,
a cohort consisting of only young (aged 15-49 years) patients with
ischaemic stroke also showed significantly increased risk of mortality
in RHF patients.®”

Inflammation associated with elevated cardiorenal metabolic risk
has also been proposed to explain the higher risk of CVEs and mortal-
ity in patients with RHF®2"%* by mechanisms beyond reduced muscle
mass.?”%° Low-grade systemic inflammation is associated with oxida-
tive stress, which could cause oxidative damage to circulating creati-
nine, favouring its aggregation to components such as apoA-l and
adiponectin,®® leading to low serum creatinine levels. The strongest
argument against the role of a decreased muscle mass or interference
with serum creatinine assessment comes from the study by Eriksen

et al.?2> of more than 1500 subjects, which reported a significant
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association between subclinical CVD and high mGFR by iohexol clear-
ance, showing a relationship between RHF and CVD for the first time
using true GFR. However, additional studies using mGFR that address
its relationship with hard outcomes are needed to clarify the associa-
tion of RHF with outcomes.

An additional potential mechanism that has not been adequately
explored is proximal tubular cell overload by molecules filtered in
excess by hyperfiltrating glomeruli that have to be reabsorbed, which
is referred to as the tubular hypothesis. While the mechanism for the
CV protection afforded by sodium-glucose co-transporter-2 (SGLT-2)
inhibitors is still being debated,®” the key mechanism of action is to
decrease glucose reabsorption in proximal tubules, that is, decreasing
the proximal tubular overload of excessively filtered molecules (in the
case of diabetes, glucose overload). Some of these molecules are
reabsorbed together with sodium (e.g. phosphate, glucose), facilitating
sodium overload, while others, such as albumin, directly decrease the
expression of nephroprotective and antiageing factors such as klotho
by tubular cells.?®7° Increased proximal tubular reabsorption of exces-
sively filtered albumin secondary to RHF may prevent albumin from
leaking into urine in the form of pathological albuminuria. The
increased sodium reuptake, probably secondary to tubular hyper-
glycaemia and SGLT-2 upregulation, which inhibits tubuloglomerular
feedback, drives hyperfiltration (by lowering afferent arteriolar pres-

sure) and is believed to contribute to CV disease.

4.2 | Potential confounders

Several confounders may limit the validity of the current conclusions.
Next to the lack of accuracy of the GFR measurements discussed
above, the included studies also show variations in co-morbidities for
the high-eGFR group. Well-known risk factors for CVD and mortality,
such as hypertension, body weight and albuminuria, could also have
distorted the correlations found between renal hyperperfusion and
outcome. Unfortunately, no study has been designed to evaluate the
effect of BMI on the association of RHF with mortality or CVD. Low
muscle mass may lead to low BMI and interfere with the accuracy of
creatinine-based assessment of eGFR. BMI is one of the most impor-
tant covariants in RHF studies. Most of the studies included BMI in

25-28,34-36,40,44,45

their adjusted analysis, while one was adjusted for

obesity,®” and another excluded patients with BMI < 18.5 kg/m?%*
with no significant change in the results.

It is well known that albuminuria is a strong predictor of
mortality,® and such a relationship has been also shown in some stud-

ies discussed here 443

raising concern that the association between
RHF and adverse outcomes may be linked to the detrimental effects
of albuminuria. Indeed, severe albuminuria will increase GFR by lower-
ing oncotic pressure in the intracapillary compartment and by increas-
ing it in the urinary compartment of the Bowman's capsule. However,
all of the studies that used models adjusted for albuminuria found the
association of RHF with all-cause mortality and CVD to be indepen-

dent of urinary protein excretion.2>2¢:3442:44

4.3 | Discrepant findings

Most of the reviewed studies have similar findings, although some dis-
crepant results should be noted. Tonelli et al. found a trend towards a
lower risk of acute MI in the high-eGFR group.*® In the absence of
statistical significance, these results are difficult to interpret. Van der
Sande et al. did not find a significant association between CVEs and
eGFR/kidney length or eGFR/kidney volume in patients with clinically
manifest vascular disease.?® However, the interpretation that high
eGFR/kidney length or volume represents RHF has yet to be con-
firmed, as differences in kidney size are not particularly characteristic
of type 2 diabetes or patients without diabetes, but have been
reported in type 1 diabetes. Also notable was the discrepancy
between women and men in terms of RHF associations in two studies:

Yoo et al.*?

observed that RHF had a significant correlation with mor-
tality only in men; however, women have both a lower CV risk’* and
all-cause mortality risk than men.*

Donfrancesco et al. observed age group differences in RHF associa-
tions. RHF was related to increased risk of mortality only in elderly
patients but not in people younger than 60 years old.*® Again, in the
general population, the risk of death is higher in older individuals. There
have been contradictory data in studies on younger populations.2®”

On the other hand, glomerular hyperfiltration without RHF usually
occurs in preterm infants. An interesting study showed that five chil-
dren born with extremely low birthweight (23-25 weeks of gestation,
birthweight ranging from 532-732 g) all had proteinuria when they
were aged 6-15 years. Renal biopsy showed a diffuse increase in glo-
merular size, consistent with glomerular hypertrophy. The authors
speculated that there was compensatory glomerular hyperfiltration,
hypertrophy and hypertension in children born with extremely low
birthweight when they developed proteinuria.”? Observational studies
have also revealed high rates of CKD in survivors of neonatal acute
kidney injury. Proposed mechanisms include nephron loss and hyper-
filtration for the progression of CKD following acute kidney injury.”®

In a recent article, Oliver-Williams et al. explored the association
between parity and subsequent CVD in women based on the athero-
sclerosis risk in communities (ARIC) study.”* Data were from 8583
white and African American women aged 45-64 years. The authors
showed that women with 5+ births had a greater risk of CHD (1.29,
1.10-1.52) and hospitalized Ml (1.38, 1.13-1.69) after adjustment for
baseline characteristics and breastfeeding.”* Based on the above find-
ings, one can speculate that RHF for extended periods (over many
years) may contribute to this negative outcome. However, there was
no mention of RHF in that study. Also, we did not find any specific
data regarding RHF, multiple pregnancies and CV outcome. In con-
trast to the above findings, Piccoli et al. showed that in pregnant stage
1 CKD patients, hyperfiltration (defined as CKD-EPI-calculated eGFR
>120 mL/min) was not associated with maternal-foetal outcomes.””

4.4 | Limitations and future study areas

One of the biggest caveats is the ambiguity of the definition of RHF

and the lack of a consensus regarding its definition when used in
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studies. The GFR thresholds used to define RHF differed enormously
among studies. A literature review on RHF definitions in 405 studies
showed that the thresholds to define RHF ranged from 90.7 to
175 mL/min/1.73m?7¢ Among the studies included in our review, the
range of RHF/high eGFR group thresholds varied from 90 to
130 mL/min/1.73m>??3*  with some defining RHF as

GFR > 95th percentile***?%* and others having a multitude of diverse

studies

definitions.2® Another limitation, as discussed, is the fact that eGFR equa-
tions are typically used in the daily setting, and were used in all of the
studies reviewed here except for one, because of feasibility and cost-
effectiveness. This in turn results in discussion as to whether or not high
eGFR values are a consequence of true RHF or false positive results
affected by other confounding factors, including low muscle mass.

Although an elevated eGFR often reflects RHF, studies showed
that the performance of the MDRD and CKD-EPI formulas decreased
in obese subjects and in people with decreased muscular mass.””
Thus, studies measuring GFR with more reliable methods will be of
value. Indeed, more reliable studies are needed with direct measures
of GFR. This issue is especially important when serum creatinine
levels are low (cirrhosis, malnutrition), which result in falsely elevated
GFR. In these patients, 24-hour urine collection or scintigraphic
methods may be more valid to measure GFR.

Another important issue could be the role of salt intake. Excessive
salt intake has been associated with poorer CV outcomes. Both blood
pressure-dependent and independent effects of salt play a role in these
adverse outcomes. Although the kidney has the ability to maintain
blood flow and keep GFR stable (renal autoregulation) despite changes
in systemic blood pressure, this autoregulation has some limits (within
about 80-180 mmHg). Santos et al., in a cross-sectional, population-
based study of 1211 Brazilians, showed that eGFR was independently
and positively correlated with sodium excretion.”® Thus, considering
sodium intake in future studies by urine sodium excretion may give
more valid information regarding RHF and CV outcomes.

An important confounder in the context of RHF is the use of
RAAS inhibitors. These drugs are both nephroprotective and cardi-
oprotective and their main action is to lower glomerular hyper-
filtration independent of systemic blood pressure-lowering effects.
Thus, it can be speculated that RHF is associated with the (absence
of) intake of these drugs, which could affect the relation between
hyperfiltration and cardiorenal outcomes.

Apart from composite CV deaths, patients with RHF may also
have increased non-vascular mortality. Indeed, Di Angelantonio et al.
studied 16 958 people aged 33-81 years without manifest vascular
disease and with information regarding stage of CKD (defined by both
eGFR and urinary protein).*® During a median follow-up of 24 years,
4010 CHD outcomes, 559 deaths from stroke, and 3875 deaths from
non-vascular causes, were recorded. While the authors did not sug-
gest any potential explanations for this observation, one can speculate
that this indicates the presence of unmeasured confounders for mor-
tality unrelated to CVD.*®

In conclusion, we suggest that RHF may be independently associ-
ated with CVD and all-cause mortality in patients with and without

diabetes and hypertension. To confirm this, studies are needed using

mGFR instead of eGFR, and a uniform definition of RHF in different
studies. While the mechanisms responsible for this association are not
yet known, a better understanding of the relationship between RHF
and CVD is important in order to better understand the cogent use of
medications that reduce RHF and CVD, such as RAAS inhibitors and
SGLT-2 inhibitors. For example, if the detrimental effects of RHF
become a point of no question, we could follow these patients more
closely for timely interventions, such as strict blood pressure and
blood glucose regulation. Additionally, we could start GFR-reducing
therapy (GFR hypofiltrators) such as RAAS inhibitors and SGLT-2
inhibitors at an earlier stage. Indeed, apart from traditional GFR-
lowering RAAS blockers, SGLT-2 inhibitors have recently been shown
to be protective with respect to renal and CV outcomes.”® Accord-
ingly, more research is warranted to fully clarify the role of RHF as a

potential biomarker and eventual treatment target.
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