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ARTICLE INFO ABSTRACT
Keywords: Background: This analysis investigated the role of hypertriglyceridemia on renal function decline and develop-
eGFR reduction ment of end-stage kidney disease (ESKD) in a real-world clinical setting.
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Methods: A retrospective analysis using administrative databases of 3 Italian Local Health Units was performed
searching patients with at least one plasma triglyceride (TG) measurement between 2013 and June 2020,
followed-up until June 2021. Outcome measures included reduction in estimated glomerular filtration rate
(eGFR) >30% from baseline and ESKD onset. Subjects with normal (normal-TG), high (HTG) and very high TG
levels (VHTG) (respectively <150 mg/dL, 150-500 mg/dL and >500 mg/dL) were comparatively evaluated.
Results: Overall 45,000 subjects (39,935 normal-TGs, 5,029 HTG and 36 vHTG) with baseline eGFR of 96.0 +
66.4 mL/min were considered. The incidence of eGFR reduction was 27.1 and 31.1 and 35.1 per 1000 person-
years, in normal-TG, HTG and vHTG subjects, respectively (P<0.01). The incidence of ESKD was 0.7 and 0.9 per
1000 person-years, in normal-TG and HTG/VHTG subjects, respectively (P<0.01). Univariate and multivariate
analyses revealed that HTG subjects had a risk of eGFR reduction or ESKD occurrence (composite endpoint)
increased by 48% compared to normal-TG subjects (adjusted OR:1.485, 95%CI 1.300-1.696; P<0.001). More-
over, each 50 mg/dL increase in TG levels resulted in significantly greater risk of eGFR reduction (OR:1.062, 95%
CI 1.039-1.086 P<0.001) and ESKD (OR:1.174, 95%CI 1.070-1.289, P = 0.001).

Conclusions: This real-word analysis in a large cohort of individuals with low-to-moderate cardiovascular risk
suggests that moderate-to-severe elevation of plasma TG levels is associated with a significantly increased risk of
long-term kidney function deterioration.

1. Introduction to glomerular injury by mechanism involving the increased oxidative
stress and the production of proinflammatory cytokines as well as the

In addition to the role in promoting the atherogenic process, hyperactivity of growth factors [5,6]. Furthermore, data from inter-
hypertriglyceridemia (HTG), has been implicated in the development vention studies suggested that pharmacologic reduction of plasma tri-
and progression of renal damage [1-4]. Indeed, the abnormal deposition glycerides (TGs) may provide some degree of renal protection. For
of lipids within the intrarenal vascular bed has been shown to contribute example, in the FIELD study conducted in diabetic patients treated with
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the TG-lowering medication fenofibrate, it was observed that the
reduction of TGs was accompanied by the reduction of albuminuria and
the attenuation of estimated glomerular filtration rate (eGFR) loss
overtime [7]. More recently, in the REDUCE-IT trial, the cardiovascular
protection determined by the TG-lowering drug icosapent ethyl fatty
acid was maintained in the subgroup of subjects with chronic kidney
disease (CKD) [8].

Different cutoff values have been suggested by taskforces and na-
tional societies to define HTG. However, there is a consensus on using a
value of TG>150 mg/dL (>1.7 mmol/L) as a meaningful clinical
threshold for HTG [9]. This condition, which represents a relatively
common finding in clinical practice, could be used to identify in-
dividuals at increased cardiovascular and renal risk especially among
those not requiring statin therapy.

Real-world evidence of the relationship between HTG and renal
outcomes are limited. However, further studies on renal outcomes
associated with HTG are of importance, in the light of the increasing
prevalence of conditions which are known to be related to both CKD and
HTG dyslipidemia, such as obesity, hypertension and metabolic syn-
drome [10]. Moreover, addressing this issue may further raise aware-
ness among general practitioners and other clinicians about the
importance of evaluating TGs in each individual as well as of therapeutic
targeting HTG.

In the present study, by using electronic health records contained in
integrated administrative databases, we looked at the relationship be-
tween TG levels and renal outcomes in a retrospective, observational,
longitudinal cohort study including subjects at relatively low cardio-
vascular risk.

2. Materials and methods
2.1. Data sources

A retrospective cohort analysis using administrative and laboratory
databases of 3 Italian Local Health Units (LHU) was performed,
including about 700,000 health-assisted subjects. The following data-
base were assessed for the present study: (i) beneficiaries database,
which includes data on subjects’ characteristics; (ii) pharmaceuticals
database, which includes the Anatomical-Therapeutic-Chemical (ATC)
code of the drug dispensed, the number of packs dispensed, the number
of units per pack, the dose, the unit cost per pack, and the prescription
date; (iii) hospitalization database, which includes all hospitalization
data with the primary and secondary discharge diagnosis codes classi-
fied according to the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM); (iv) laboratory tests and
specialist visits database; (v) laboratory test value database.

In full compliance with the Italian Code of Protection of personal
data, databases were anonymized, and each patient was identified by an
anonymous code, which permitted the electronic linkage between these
databases. Data were extracted by administrative staff and no identifiers
related to subjects were provided to researchers. Results of analyses
were produced as aggregated summaries to prevent, either directly or
indirectly, any link to individual subjects. Informed consent was not
required for using encrypted retrospective information. According to the
Italian law [11], this analysis has been notified to the local Ethical
Committee of the LHU involved in the study.

2.2. Cohort definition and data collection

All individuals with at least one TG measurement between January
1, 2013 and June 30, 2020 (inclusion period) were considered. Subjects
were excluded if they had: (i) substantial variation in TG measurements
during follow-up period, i.e. TG measurements not included in the
categorization criteria defined for this study (see details on group
categorization in the following paragraphs); (ii) at least one prescription
of omega 3 fatty acids or fibrates during both the characterization and
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the follow-up period; (iii) at least one prescription of antiplatelet drugs
during the characterization period because it may be considered as a
proxy of vascular disease; (iv) before inclusion at least one hospitaliza-
tion for myocardial infarction or any other of the following: angina
pectoris, chronic cardiac ischemia, occlusion and stenosis of carotid
arteries and transient cerebral ischemia; (v) previous hospitalization for
chronic kidney disease (CKD), end-stage renal disease (ESKD), of dial-
ysis. Moreover, patients without at least one eGFR detection during the
characterization period (the last available, i.e. baseline value) and one
eGFR detection during the observation period, the last available, were
excluded.

Out of 700,000 health-assisted population included in the study,
45,000 subjects were included in the present analysis. The flowchart of
the study population selection is presented in Fig. 1.

The index-date was defined for all included subjects as the data of the
first TGs measurement during the inclusion period; starting from this
date, individuals were retrospectively characterized up to 12 months,
and events occurring until June 30, 2021 were considered (character-
ization and follow-up periods, respectively).

Results of fasting lipid profiles measured in each district laboratories
following standard procedures were extracted from laboratory data-
bases [12]. Individuals were categorized into 3 groups based on TG
measurements available in the follow-up period: (i) “normal TG” group,
those with all TGs measurements <150 mg/dL), (ii) “high TG” group,
those with all TGs measurements between 150 and 500 mg/dL (HTG)
and (iii) “very high TG” group, those with all measurements >500
mg/dL) (VHTG).

During the characterization period, data on baseline individuals’
characteristics, including demographics (age and gender) and medical
history (hospital admission, procedures, prescribed drugs, and comor-
bidities) were collected. Comorbidities were identified based upon the
diagnoses at hospital discharge (both primary and secondary diagnosis
according to the ICD-9-CM codes) derived from hospitalization data-
base. Also drug prescriptions (ATC codes) derived from pharmaceutical
databases, were used to identify comorbidities considering the use of
specific medications as a proxy of diseases. No data on obesity or alcohol
use were available. The following diagnoses during the characterization
period were considered: (i) acute pancreatitis (ICD-9-CM code: 577), (ii)
CKD (ICD-9-CM codes: 585.3, 585.4, 585.5, 585.6), (iii) chronic
obstructive pulmonary disease (COPD) (ATC code: R03), (iv) previous
atherosclerotic cardiovascular disease (ASCVD) defined as admissions
for myocardial infarction (ICD-9-CM code: 410), angina pectoris (ICD-9-
CM code: 413), chronic cardiac ischemia (ICD-9-CM code: 414), occlu-
sion and stenosis of the pre-cerebral arteries (ICD-9-CM code: 433),
occlusion and significant stenosis of cerebral arteries (ICD-9-CM code:
434), transient cerebral ischemia (435), cerebral circulatory disorders
(ICD-9-CM code: 436), other and poorly defined cerebral vasculopathies
(ICD-9-CM code: 437), atherosclerosis (ICD-9-CM code: 440), aneurysm
of the aorta (ICD-9-CM code: 441), other aneurysms (ICD-9-CM code:
442), and vascular diseases (ICD-9-CM code: 443).

The prescription of the following drugs was analysed during the 12-
month characterization period (at least one prescription): antidiabetic
medications (ATC code A10), statins (ATC codes C10AA, C10BA02),
anti-hypertensive medications (ATC codes C03, C07, C08, C09), and
anticoagulant medications (ATC codes B10AA, B10AB). Moreover, the
last available measurements of total cholesterol (mg/dL) and high-
density lipoprotein cholesterol (HDL-C) (mg/dL) before index date
were retrieved.

Renal outcomes were defined as a 30% eGFR reduction as compared
with baseline, reaching ESKD or a composite of both previous endpoints.
ESKD (including dialysis) was defined by hospitalization discharge
diagnosis [ICD-9-CM codes 585.6, V560 (primary or secondary diag-
nosis)], by procedures (39.95, 54.98, primary or secondary procedures),
or specialistic codes (39.95, 54.98).
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Health-assisted individuals
N= 700,000 (100.0%)

Patients with at least one measurement of TGs
N= 350,151 (50.2%)

Patients with consistently repeated measurements of TGs
N= 301,747 (86.2%)

N= 293,940 (97.4%)

Patients not previously treated with antiplatelets
N= 245,951 (83.7%)

Patients without previous AMI
N= 219,893 (89.4%)

Patients without previous CKD/ESRD/dialysis
N=219,562 (99.8%)

[ Patients never treated with omega 3/fibrates

Pts with eGFR at baseline and 21 eGFR during follow-up
N= 45,000 (20.5%)

— p AN N A S W S—

Study population
N= 45,000 (100.0%)

—

——
NORMAL TG (<150mg/dL)
N= 39,935 (88.7%)

HIGH TG (150-500mg/dL)
N=5,029 (11.2%)

I

VERY HIGH TG (>500mg/dL)
N=36 (0.1%)

Fig. 1. Study population flowchart.

Abbreviations: AMI, acute myocardial infarction; CKD, Chronic Kidney Disease; ESKD, End-stage Kidney Disease; TG, total plasma triglycerides.

2.3. Statistical analysis

Continuous data are presented as means with standard deviation or
median and interquartile range and categorical variables as numbers
and percentages. The independent samples t-test and analysis of vari-
ance test were used to compare continuous variables and the chi-square
test was used to compare categorical variables. Non-parametric Mann-
Whitney U test was used for not normally distributed variables. Multi-
variate analysis of the association of severity grade of HTG with long-
term adverse outcomes was performed using the Cox proportional haz-
ards model, giving hazard ratios and 95% confidence intervals (95% CI).
Covariates for hazard ratios adjustment were identified after a forward
stepwise selection as follows: age, gender, hypertension, diabetes, renal
function, antidiabetic medications, statin use, anti-hypertensive medi-
cations, anticoagulant medications, baseline total cholesterol, baseline
HDL cholesterol, baseline eGFR.

The results were considered statistically significant when the P-value
was <0.05. STATA SE software version 17.1 was used for statistical
analyses

3. Results

Among the enrolled subjects, 88.7% (39,935) were categorized in the
normal TG group, 11.2% (5029) in the HTG group and 0.1% (36) in the
VHTG group. All subjects had on average at least two TGs measurements
recorded during follow-up.

The baseline characteristics of the whole study population as well as
according to TGs categories are reported in Table 1.

Overall, the included subjects had a mean age of 59.0 + 21.1 years
and 44% were males. Renal function was normal (eGFR 96.0 + 66.4 mL/
min) and the prevalence of ASCVD, as expected by selection criteria, was
very low. In comparison with the other groups, VHTG subjects were
significantly younger and showed higher prevalence of male gender.
Individuals with normal TGs had TG levels of 85.6 + 23.7 mg/dL, while
those with HTG and vHTG had TG levels of 216.2 + 54.3 mg/dL and
691.8 + 191.2 mg/dL, respectively, a difference that was highly statis-
tically significant (P<0.001). Concordantly, mean levels of non-HDL-C,
which reflects the concentration of all TG-rich lipoprotein particles in
the blood, were significantly higher in both groups of hyper-
triglyceridemic in comparison with normal TG individuals. Similarly,
plasma levels of total cholesterol (TC) were significantly raised in HTG
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and VHTG individuals in comparison with normal TG subjects. Given the
inverse correlation between TGs and HDL-C levels, the latter showed a
clear progressive reduction from individuals with normal toward those
with very high TGs. As low-density lipoprotein cholesterol (LDL-C)
concentrations were calculated by Friedwald’s formula, they could not
be reliably estimated among individuals with very high TG levels.
However, LDL-C levels were significantly elevated in high versus normal
TG individuals.

Interestingly, individuals with vHTG showed a significantly reduced
prevalence of history of COPD in comparison with the other groups.
Overall, the prevalence of history of acute pancreatitis was very small
and did not differ between groups. In the whole study group, only a
small percentage of individuals (<10%) were prescribed with statins
and antidiabetic treatments and slightly more than one third were using
anti-hypertensive medications. When the different therapies were
examined according to the TG categories, individuals with HTG but not
those with VHTG tended to show higher use of statins and hypertensive
medications in comparison with normal TG individuals. On the contrary,
both individuals in the HTG and vHTG categories showed a significantly
higher use of antidiabetic medications in comparison with those in the
normal TG group, thus suggesting an increased prevalence of diabetes
among the high TG group. Anticoagulant medications also showed a
limited use in the whole study cohort, and it did not display differences
between groups.

Table 2 reports the incidence of renal outcomes according to TG
categories. During a follow-up period of 4.2 + 2.2 years, 4632, 594 and
4 subjects were reported to show a greater than 30% loss of eGFR in the
normal, HTG and vHTG subgroups, respectively. This determined an
incidence rate/1000-person years of 27.1, 31.1 and 35.1 in the three
groups, respectively (P<0.01 for trend). Moreover, a significantly higher
incidence rate/1000-person years of ESKD in the high TG group as
compared to the normal TG group was also recorded (0.9 vs 0.7;
P<0.01). When both renal outcomes (i.e. >30% GFR loss and ESKD)
were combined (composite renal outcome) there was a linear trend to-
ward greater incidence of worse outcome in the subgroups of subjects
with progressively higher TG levels (27.4, 31.5 and 35.1 events per 1000
person-years in the group with normal, high and very high TG, respec-
tively) (Table 2).

On the average, subjects who developed worse renal outcomes were
older at baseline and showed slightly higher TG levels and lower total as
well as LDL and HDL cholesterol (Table 3).
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Table 1

Baseline clinical characteristics of study cohort according to triglycerides cate-
gories. Continuous variables are presented as means with standard deviation and
categorical variables as numbers and percentages.

Overall Normal HTG vHTG P value
population TG
Population, n (%) 45,000 39,935 5029 36 (0.08)
(88.7) (11.2)
No. of TG 3.4(2.8) 3.5(2.9) 2.5 1.3 (0.6) <0.001
measurements, (2.2)
mean (SD)
Demographic characteristics
Age, years, mean 59.0 (21.1) 58.9 60.0 54.4 <0.001
(SD) (21.3) (18.8) (14.9)
Male gender, n (%) 19,681 17,141 2512 28 (77.8) <0.001
(43.7) (42.9) (50.0)
Plasma lipids, mg/dL, mean (SD)
TG, average during 100.7 85.6 216.2 691.8 <0.001
the observational (53.2) (23.7) (54.3) (191.2)
period
TG, last 102.5 91.1 211.6 1110.8 <0.001
measurement prior (64.3) (36.4) (89.7) (1446.5)
to index-date
Total cholesterol, 196.4 195.0 209.2 278.6 <0.001
last measurement (40.0) (39.0) (45.3) (123.1)
prior to index-date
Non-HDL 136.4 133.4 165.6 242.8 0.152
cholesterol, last (37.4) (35.4) (42.6) (119.8)
measurement prior
to index-date
HDL cholesterol, last 60.8 (17.4) 62.5 44.0 35.8 <0.001
measurement prior (16.9) (13.0) (7.2)
to index-date
LDL cholesterol, last 116.3 115.5 124.5 59.1 <0.001
measurement prior (34.4) (33.4) (41.0) (148.9)
to index-date
Other biomarkers mean (SD)
HbAlc, last 48.9 (16.0)  48.4 51.4 65.2 <0.001
measurement prior (15.7) 17.3) (22.6)
index-date, mmol/
mol
Plasma creatinine, 0.9 (0.5) 0.9 (0.4) 1.0 1.0 (0.49) <0.001
last measurement 0.7)
prior index-date,
mg/dL
eGFR, last 96.0 (66.4)  96.6 91.0 90.7 <0.001
measurement prior (66.2) (67.9) (29.8)
index-date, mL/
min/1.73 m?
Medications, n (%)
Statins 4176 (9.3) 3553 620 NI <0.001
(8.9) (12.3)
Anticoagulants 5913 5183 727 NI <0.010
(13.1) (13.0) (14.5)
Antihypertensives 17,640 15,256 2371 13(36.1) <0.001
(39.2) (38.2) (47.1)
Antidiabetics 4129 (9.2) 3427 694 8(22.2) <0.001
(8.6) (13.8)
Comorbidities, n (%)
Acute pancreatitis 175 (0.4) 153 21 NI 0.066
0.4) 0.4)
COPD 7027 6289 731 7 (19.4) 0.068
(15.6) (15.7) (14.5)
ASCVD 2264 (5.0) 1968 293 NI <0.050
(4.9) (5.8)
Follow up, years, 4.2 (2.2) 4.3(2.2) 3.8 3.2 (2.6) <0.001
mean (SD) 2.1

Abbreviations: GFR, glomerular filtration rate; ESKD, end-stage renal disease;
COPD, chronic obstructive pulmonary disease; ASCVD, atherosclerotic cardio-
vascular disease.

Furthermore, those who went on to lose a greater amount of eGFR
overtime had slightly higher HbAlc levels and comparable serum
creatinine (but higher eGFR values) at baseline and were receiving a
greater amount of cardiovascular therapeutic agents, namely statins,
anticoagulants, antihypertensives and glucose lowering drugs. Finally,

93

European Journal of Internal Medicine 111 (2023) 90-96

Table 2
Renal outcome: incidence of eGFR reduction >30%, ESKD and either one of the
previous (composite endpoint).

Normal TG High TG Very high P
N= N= TG value
39,935 5029 N=36
eGFR reduction >30%
Patients with events (n) 4632 594 4
Person years of follow up 171,082 19,116 114
Incidence rate/1000-person 27.1 31.1 35.1 <0.01
years
Follow-up, years, mean (SD) 4.2 (2.2) 3.7 (2.2) 3.2 (2.6)
ESKD
Patients with events (n) 121 18 NI
Person years of follow up 171,082 19,116
Incidence rate/1000-person 0.7 0.9 <0.01
years
Follow-up, years, mean (SD) 4.3(2.2) 3.8(2.1)
Composite outcomes
Patients with events (n) 4681 602 4
Person years of follow up 171,082 19,116 114
Incidence rate/1000-person 27.4 31.5 35.1 <0.01
years
Follow-up, years, mean (SD) 4.2 (2.2) 3.7 (2.2) 3.2 (2.6)

they were more likely to have had a greater burden of comorbidities,
such as COPD and ASCVD in the past.

After adjustment for multiple variables, the estimates of association
between high TGs and renal outcomes remained highly statistically
significant (Table 4). Indeed, in univariate and multivariate analysis,
respectively, individuals with HTG had a 18% (OR: 1.181, 95%CI 1.084 -
1.287, P<0.001) and 49.8% (OR: 1.498, 95%CI 1.309 - 1.714, P<0.001)
increased risk of eGFR reduction.

Furthermore, in univariate and multivariate analysis, respectively,
subjects with HTG had 18% (OR: 1.182, 95%CI 1.085 — 1.286, P<0.001)
and 48.5% (OR:1.485; 95%CI 1.300 — 1.696, P<0.001) increased risk to
develop the composite renal endpoint. Also the risk of ESKD increased
along with higher levels of TGs, even though the risk estimates reached
the statistical significance only in the VHTG group. Finally, the risk of
developing the composite renal outcome during follow-up in subjects
with HTG was increased by 18% (OR: 1.182, 95% CI 1.085 - 1.286,
P<0.001) in univariate and by 48.5% (OR:1.485; 95% CI 1.300 — 1.696,
P<0.001) in multivariate analysis.

Moreover, among conventional risk factors estimated by using as
proxy the reported, use of disease-specific medications, diabetes was
significantly associated with a 28% (OR:1.281, 95%CI 1.184 - 1.386,
P<0.001) increased risk to develop eGFR reduction while hypertension
did not significantly predict the risk of developing eGFR reduction (OR:
1.061, 95%CI 0.958-1.175, P = 0.258) (data not shown).

4. Discussion

In this retrospective, observational longitudinal cohort study
involving 45,000 individuals in the setting of local health services in
Italy, we found that HTG was associated with a significant long-time risk
of deterioration of renal function. Subjects with progressively higher TG
values (normal to high and very high) showed an increasing incidence of
a 30% eGFR loss (from 27 to 31 and up to 35 events for 1000-person
years, P<0.01). These findings persisted even after controlling for
several demographic and clinical confounders. The risk of adverse renal
outcome associated with HTG was further supported by looking at a
much solid renal endpoint such as ESKD as well as a composite of eGFR
loss and/or ESKD. It is noteworthy that these figures were obtained in a
cohort at relatively low cardiovascular risk as shown by the projected
10-year incidence of ASCVD events of 7%.

CKD is an insidious, largely underestimated long term complication
in subjects with atherogenic profile and other cardiovascular risk con-
ditions such as diabetes, hypertension and dyslipidemia, including HTG
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Baseline clinical characteristics of study cohort on the basis of renal outcome. Abbreviations: GFR, glomerular filtration rate; ESKD, end-stage renal disease; COPD,
chronic obstructive pulmonary disease; ASCVD, atherosclerotic cardiovascular disease. * eGFR reduction [identified the comparison of eGFR value at baseline (last
value before the index-date) with the last available value assessed during the follow-up)].

eGFR reduction eGFR reduction P value ESKD_NO ESKD_YES P value
<30%* >30%*
Population, n (%) 39,770 5230 44,860 140
Demographic characteristics
Age, years, mean (SD) 58.0 (20.5) 66.5 (23.5) <0.001 59.0 (21.1) 68.8 (14.5) <0.001
Male gender, n (%) 17,367 (43.7) 2314 (44.2) 0.430 19,593 88 (62.9) <0.001
(43.7)
Plasma lipids and other markers
TG, mg/dL, average during the observational period, mean (SD) 100.5 (53.3) 102.3 (52.1) <0.050 100.7 (53.0) 113.9 <0.010
(92.0)
TG, mg/dL, last measurement prior to index-dare, mean (SD) 101.4 (63.9) 112.4 (67.3) <0.001 102.4 (64.3) 121.2 0.094
(73.1)
Total cholesterol, mg/dL, last measurement prior to index-date, mean 197.4 (39.7) 186.7 (41.5) <0.001 196.4 (39.9) 182.6 <0.050
(SD) (41.4)
Non-HDL cholesterol, mg/dL, last measurement prior to index-date, 137.1 (37.4) 129.7 (37.2) 0.967 136.4 (37.4) 124.7 <0.050
mean (SD) (37.1)
HDL cholesterol, mg/dL, last measurement prior to index-date, mean 61.2 (17.3) 57.3 (18.6) <0.001 60.8 (17.4) 56.5 (21.2) 0.135
(SD)
LDL cholesterol, mg/dL, last measurement prior to index-date, mean 117.2 (34.3) 107.7 (34.2) <0.001 116.3 (34.49) 102.3 <0.050
(SD) (35.5)
HbA1lc, mmol/mol, last measurement prior index-date, mean (SD) 48.6 (16.0) 50.1 (15.9) <0.050 48.8 (15.9) 56.0 (21.3) <0.050
Creatinine, mg/dL, last measurement prior index-date, mean (SD) 0.9 (0.5) 0.9 (0.5) 0.792 0.9 (0.4) 3.0 (2.9) <0.001
eGFR, mL/min/1.73m2, last measurement prior index-date, mean (SD) 93.6 (51.4) 114.3 (132.0) <0.001 96.1 (66.4) 44.5 (36.0) <0.001
Medications
Statins, n (%) 3608 (9.1) 568 (10.9) <0.001 4151 (9.3) 25 (17.9) <0.001
Anticoagulants, n (%) 4723 (11.9) 1190 (22.8) <0.001 5885 (13.1) 28 (20.0) <0.050
Antihypertensives, n (%) 14,776 (37.2) 2864 (54.8) <0.001 17,541 99 (70.7) <0.001
(39.1)
Antidiabetics, n (%) 3338 (8.4) 791 (15.1) <0.001 4101 (9.1) 28 (20.0) <0.001
Comorbidities
Acute pancreatitis, n (%) 150 (0.4) 25 (0.5) 0.271 174 (0.4) NI 0.536
COPD, n (%) 5959 (15.0) 1068 (20.4) <0.001 7004 (15.6) 23 (16.4) 0.791
ASCVD, n (%) 1717 (4.3) 547 (10.5) <0.001 2246 (5.0) 18 (12.9) <0.001
Table 4
Univariate and multivariate analysis. Odds Ratio for renal outcomes.
Univariate OR 95%Cl P value Multivariate OR 95%CI P value
Categorical analysis
eGFR reduction >30% of baseline
TG <150 mg/dL 1.000 1.000
TG 150-500 mg/dL 1.181 1.084 1.287 <0.001 1.498 1.309 1.714 <0.001
TG >500 mg/dL 1.263 0.474 3.367 0.640 3.461 0.881 13.593 0.075
ESKD
TG <150 mg/dL 1.000 1.000
TG 150-500 mg/dL 1.281 0.781 2.103 0.327 0.521 0.311 0.872 <0.050
TG >500 mg/dL 11.435 1.597 81.852 <0.050 6.476 0.879 47.701 0.067
Composite outcome
TG <150 mg/dL 1.000 1.000
TG 150-500 mg/dL 1.182 1.085 1.286 <0.001 1.485 1.300 1.696 <0.001
TG >500 mg/dL 1.246 0.468 3.323 0.660 3.274 0.837 12.811 0.088
Continuous analysis
eGFR reduction >30% of baseline
TG index (by 50 increment mg/dL) 1.062 1.039 1.086 <0.001 1.037 1.012 1.062 <0.010
ESKD
TG index (by 50 increment mg/dL) 1.174 1.070 1.289 =0.001 0.929 0.814 1.060 0.277
Composite outcomes
TG index (by 50 increment mg/dL) 1.063 1.040 1.086 <0.001 1.037 1.012 1.062 <0.010

Abbreviations: eGRF, estimated glomerular filtration rate; ESKD, end-stage kidney disease; TG, triglycerides.

[13]. Although its onset is often asymptomatic once GFR lowers to
values below 60 ml/min (i.e. stage 3 or greater) the risk of further
progression to ESKD increases significantly [14]. Furthermore, low
eGFR per se entails a dramatic increase in cardiovascular risk and is
regarded as an equivalent of cardiovascular event [15].

HTG has increasingly been shown to be a risk predictor of cardio-
vascular and renal complication, even beyond LDL-cholesterol level
[16]. Accordingly, we have recently reported on the same database an
association between HTG and higher cardiovascular and total mortality
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[17]. While HTG has previously been associated to the presence and
severity of CKD in cross sectional studies [18,19], data on the predictive
role of TG for CKD onset or progression are contrasting. Thus, Tsuruya et
al. in a large cohort of subjects from general population found that
higher serum TG at baseline were significantly associated with a greater
decline in eGFR during the 2-year study period, even after adjustment
for confounding factors. This was true independent of the presence of
CKD at baseline [18-20]. In a large database of subjects with type 2
diabetes in Italy, Russo et al. [13]. reported an independent association
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between moderately elevated TGs and low HDL with de novo develop-
ment of stage 3 CKD, i.e. either a sustained reduction of eGFR below 60
mL/min or new onset of albuminuria over a 4 year time period. More
recently, in a 7 years retrospective study in older adults in China, Chen
and coworkers reported that the HTG-waist phenotype (a clinical proxy
of insulin resistance and the metabolic syndrome) was associated with
an almost 30% excess risk of CKD even after adjustment for confounders
[21]. On the other hand, in a Dutch study conducted on 512 subjects
with advanced CKD (i.e. stage 4 and 5) no association was found be-
tween lipids parameters, included TG levels, and progression to ESKD or
death [22].

A decline in eGFR smaller than a doubling of serum creatinine has
been validated as intermediate, clinically meaningful endpoint and has
been associated with the risk of ESKD and mortality. Thus, a large meta-
analysis [23] has shown that a 30% reduction in eGFR over 2 years is a
valid alternative end point for CKD progression. Our renal endpoints
seem therefore to be a reasonable choice given the clinical characteris-
tics of study population with baseline GFR well within normal range and
the length of our follow-up. Interestingly, we found that the association
between HTG and GFR loss overtime held true, although with the limits
of a less powerful statical analysis, when traditional, solid renal
endpoint such as ESKD incidence was taken into consideration. Our
observations expand on the previously reported association between
elevated TGs and cardiovascular and renal events in high-risk subgroups
such as type 2 diabetes and extends its to a relatively lower risk cohort of
general population. It is worthy to note here, that the unfavorable renal
prognostic role of HTG reported here was evident for relatively mild TG
elevation, a condition often encountered in clinical practice which is
likely multifactorial in its pathogenesis, at variance with the more rarely
encountered very high TG phenotypes due to well-known genetic
abnormalities.

While our study cannot elucidate pathogenetic mechanisms under-
lying the reported association between HTG and worse renal outcomes,
its findings are consistent with previous reports. Indeed, many animal
models and clinical studies suggest that dyslipidemia may contribute to
renal damage [24]. In fact, inflammatory and oxidative stress, endo-
thelial dysfunction and activation of the renin-angiotensin system have
all been shown to be influenced by changes in lipoprotein composition
and in cholesterol distribution among plasma, tissues and cellular or-
ganelles especially if promoted by remnant cholesterol and TGs [25-28].
More studies are clearly needed to elucidate pathogenetic mechanisms
underlying the association between the hight TG phenotypes and renal
damage. Furthermore, it remains to be verified whether pharmacologic
interventions aimed at lowering TG levels may favourably impact renal
outcome. As a matter of fact, HTG is receiving growing attention as a
potential target in patients at residual high cardiovascular risk with
several new drugs currently under development [29].

Our study has several strengths as well as some limitations that
should be acknowledged. Among the previous, the large sample size and
length of follow-up that allowed us to capture a sufficient number of
events to find significant differences between groups. It is well known
that the definition of HTG is complicated by considerable intra-
individual variability in TGs over time. To limit this potential source
of bias, we have based our classification of high TG categories on at least
two concordant TG measurements taken apart. Furthermore, the inclu-
sion of several covariates allowed us to isolate the effect of the TG
grouping on adverse outcomes. Previous studies enrolled patients with a
broad range of TG levels and evaluated their effect either continuously,
after log transformation, or by comparing dichotomized cut-off points or
upper and lower tertiles or quintiles of TG. While these characterizations
of TG levels deliver significant evidence of an association with risk, they
are of restricted clinical value because they do not match guideline-
recognized elevated ranges of TG levels. In contrast, our study focused
on a definition of HTG that can be easily implemented in clinical prac-
tice to characterize individual risk. About limitations, the present study
considered observational laboratory data, so that we cannot be certain
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that all subjects were in the fasting state at the time of their TG tests.
However, it has been suggested that non-fasting TGs are better pre-
dictors of increased subsequent risk as they tend to show a stronger
association with abnormalities in remnants metabolism [30-32]. Thus,
we believe this issue should not have significantly impacted our analyses
and results since misclassification of subjects with normal fasting but
high post-prandial TG levels would have biased our results toward the
null. Based on this reasoning, we believe the excess of renal risk we
observed in the high TG groups may even be conservative. Second, all
variables in our study (including TG levels) were assessed only at
baseline. Again, we cannot ensure that changes in lipid parameters as
well as in pharmacological treatments during follow-up may have
affected our results. Nonetheless, we believe the size of our study cohort
and the robustness of our findings allow us to draw intriguing conclu-
sions to be applied to clinical practice. Finally, the number of subjects
was smaller and the number of TG measurements was, on average, also
smaller in the very high TG group as compared to other groups. How-
ever, the relationship we observed between TG values and renal out-
comes was consistent across TG categories and proved to be independent
of several clinical variables even by linear regression analysis.

In conclusion, we found that moderate-to-severe elevation of TGs is
associated with a significant, stepwise increased risk of renal function
deterioration as well as ESKD overtime in a large cohort of individuals
followed in a real-world clinical setting.

Funding

Alfasigma (Italy) purchased the study report that is the basis for this
article. The views expressed here are those of the authors and not
necessarily those of the supporters. Alfasigma did not influence the
conduction of the project, the discussion of results, and the decision to
submit the manuscript to this journal.

Declaration of Competing Interest

R. Pontremoli has served as a consultant for and has received
lecturing fees from Novartis, MSD, AstraZeneca, Boehringer-Ingelheim,
Lilly, Novonordisk and Alfasigma.

G. Desideri has received research grant support from AstraZeneca
and Menarini; has served as a consultant for Servier, Menarini,
FIRMA, and Alfasigma; and received lecturing fees from Servier, Bayer,
Guidotti, Bristol Myers Squibb, DOC, and Alfasigma

M. Arca has received research grant support from Aegerion, Amgen,
IONIS, Akcea Therapeutics, Pfizer, Regeneron, and Sanofi; has served as
a consultant for Amgen, Aegerion, Akcea Therapeutics, Regeneron,
Sanofi, and Alfasigma; and received lecturing fees from Amgen, Aege-
rion, Merck, Pfizer, Sanofi, and Alfasigma.

P.L. Temporelli has received lecturing and consulting fees from
Alfasigma; consulting fees from Bayer; lecturing fees from Menarini,
MSD, and Servier.

C. Borghi has received research grant support from Menarini
Corporate and Novartis Pharma; has served as a consultant for Novartis
Pharma, Alfasigma, Grunenthal, Menarini Corporate, and Laboratoires
Servier; and received lecturing fees from Laboratoires Servier, Takeda,
Astellas, Teijin, Novartis Pharma, Berlin Chemie, and Sanofi.

The agreement signed by CliCon s.r.l. and Alfasigma does not create
any entity, joint venture or any other similar relationship between the
parties. CliCon s.r.l. is an independent company. Neither CliCon s.r.1. nor
any of their representatives are employees of Alfasigma for any purpose.
The remaining authors have no disclosures to report.

Acknowledgments
List of the Local Health Units Group members: Antonietta Barbieri,

ASL VC, Vercelli, Italy; Stefania Demontis, ASL1 Imperiese, Sanremo,
Italy; Davide Re, ASL Teramo, Teramo, Italy.


https://doi.org/10.13039/100004325

R. Pontremoli et al.

References

[1

—

[2]

[3

—

[4]

[5

=

[6

)

[7

—

[8

[}

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Nordestgaard BG. Triglyceride-rich lipoproteins and atherosclerotic cardiovascular
disease: new insights from epidemiolog genetics and biology. Circ Res 2016;118
(4):547-63. https://doi.org/10.1161/CIRCRESAHA.115.306249.

Moorhead JF, Chan MK, El-Nahas M, Varghese Z. Lipid nephrotoxicity in chronic
progressive glomerular and tubulo-interstitial disease. Lancet 1982;2(8311):
1309-11. https://doi.org/10.1016/50140-6736(82)91513-6.

Jandeleit-Dahm K, Cao Z, Cox AJ, Kelly DJ, Gilbert RE, Cooper ME. Role of
hyperlipidemia in progressive renal disease: focus on diabetic nephropathy. Kidney
Int Suppl 1999;71:831-6. https://doi.org/10.1046/].1523-1755.1999.07109.x.
Wang Z, Jiang T, Li J, et al. Regulation of renal lipid metabolism, lipid
accumulation, and glomerulosclerosis in FVBdb/db mice with type 2 diabetes.
Diabetes 2005;54(8):2328-35. https://doi.org/10.2337 /diabetes.54.8.2328.

Sun L, Halaihel N, Zhang W, Rogers T, Levi M. Role of sterol regulatory element-
binding protein 1 in regulation of renal lipid metabolism and glomerulosclerosis in
diabetes mellitus. J Biol Chem 2002;277(21):18919-27. https://doi.org/10.1074/
jbc.M110650200.

Tsun JG, Yung S, Chau MK, Shiu SW, Chan TM, Tan KC. Cellular cholesterol
transport proteins in diabetic nephropathy. PLoS One 2014;9(9):e105787. https://
doi.org/10.1371/journal.pone.0105787. Published 2014 Sep 2.

Davis TM, Ting R, Best JD, et al. Effects of fenofibrate on renal function in patients
with type 2 diabetes mellitus: the Fenofibrate Intervention and Event Lowering in
Diabetes (FIELD) Study. Diabetologia 2011;54(2):280-90. https://doi.org/
10.1007/s00125-010-1951-1.

Majithia A, Bhatt DL, Friedman AN, et al. Benefits of icosapent ethyl across the
range of kidney function in patients with established cardiovascular disease or
diabetes: REDUCE-IT RENAL. Circulation 2021;144(22):1750-9. https://doi.org/
10.1161/CIRCULATIONAHA.121.055560.

Authors/Task Force Members: Catapano AL, Graham I, et al. 2016 ESC/EAS
guidelines for the management of dyslipidaemias: the task force for the
management of dyslipidaemias of the european society of cardiology (ESC) and
european atherosclerosis society (EAS) developed with the special contribution of
the european assocciation for cardiovascular prevention & rehabilitation (EACPR)
Atherosclerosis 2016;253:281-344. https://doi.org/10.1016/j.
atherosclerosis.2016.08.018.

G.B.D. Chronic Kidney Disease Collaboration.. Global, regional, and national
burden of chronic kidney disease, 1990-2017: a systematic analysis for the global
burden of disease study. 2017 Lancet 2020;395(10225):709-33. https://doi.org/
10.1016/50140-6736(20)30045-3.

Agenzia Italiana del Farmaco (AIFA). Guideline for the classification and
conduction of the observational studies on medicines. 2010. Available at: htt
p//www.aifa.gov.it/-/linee-guida-studi-osservazionali. Accessed march 2023.
Miller M, Stone NJ, Ballantyne C, et al. Triglycerides and cardiovascular disease: a
scientific statement from the american heart association. Circulation 2011;123
(20):2292-333. https://doi.org/10.1161/CIR.0b013e3182160726.

Russo GT, De Cosmo S, Viazzi F, et al. Plasma triglycerides and HDL-C levels
predict the development of diabetic kidney disease in subjects with type 2 diabetes:
the AMD annals initiative. Diabet Care 2016;39(12):2278-87. https://doi.org/
10.2337/dc16-1246.

Valdivielso JM, Rodriguez-Puyol D, Pascual J, et al. Atherosclerosis in chronic
kidney disease: more, less, or just different? Arterioscler Thromb Vasc Biol 2019;39
(10):1938-66. https://doi.org/10.1161/ATVBAHA.119.312705.

Mahmoodi BK, Matsushita K, Woodward M, et al. Associations of kidney disease
measures with mortality and end-stage renal disease in individuals with and
without hypertension: a meta-analysis [published correction appears, 380. Lancet;
2012. p. 1648. https://doi.org/10.1016/50140-6736(12)61272-0. Nov 10]. Lancet.
2012;380(9854):1649-1661.

Nordestgaard BG, Varbo A. Triglycerides and cardiovascular disease. Lancet 2014;
384(9943):626-35. https://doi.org/10.1016/50140-6736(14)61177-6.

96

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

European Journal of Internal Medicine 111 (2023) 90-96

Arca M, Veronesi C, D’Erasmo L, et al. Association of hypertriglyceridemia with all-
cause mortality and atherosclerotic cardiovascular events in a low-risk italian
population: the TG-REAL retrospective cohort analysis. J Am Heart Assoc 2020;9
(19):e015801. https://doi.org/10.1161/JAHA.119.015801.

Tsuruya K, Yoshida H, Nagata M, et al. Association of the triglycerides to high-
density lipoprotein cholesterol ratio with the risk of chronic kidney disease:
analysis in a large Japanese population. Atherosclerosis 2014;233(1):260-7.
https://doi.org/10.1016/j.atherosclerosis.2013.12.037.

Tsuruya K, Yoshida H, Nagata M, et al. Impact of the triglycerides to high-density
lipoprotein cholesterol ratio on the incidence and progression of ckd: a
longitudinal study in a large japanese population. Am J Kidney Dis 2015;66(6):
972-83. https://doi.org/10.1053/j.ajkd.2015.05.011.

Tsuruya K, Yoshida H, Nagata M, et al. Association of hypertriglyceridemia with
the incidence and progression of chronic kidney disease and modification of the
association by daily alcohol consumption. J Ren Nutr 2017;27(6):381-94. https://
doi.org/10.1053/j.jrn.2017.05.002.

Chen R, Sun G, Liu R, et al. Hypertriglyceridemic waist phenotype and risk of
chronic kidney disease in community-dwelling adults aged 60 years and older in
Tianjin, China: a 7-year cohort study. BMC Nephrol 2021;22(1):182. https://doi.
org/10.1186/512882-021-02339-5. Published 2021 May 19.

Voskamp PWM, van Diepen M, Dekker FW, Hoogeveen EK. Dyslipidemia and risk
of renal replacement therapy or death in incident pre-dialysis patients. Sci Rep
2018;8(1):3130. https://doi.org/10.1038/s41598-018-20907-y. Published 2018
Feb 15.

Coresh J, Turin TC, Matsushita K, et al. Decline in estimated glomerular filtration
rate and subsequent risk of end-stage renal disease and mortality. JAMA 2014;311
(24):2518-31. https://doi.org/10.1001/jama.2014.6634.

Ruan XZ, Varghese Z, Moorhead JF. An update on the lipid nephrotoxicity
hypothesis. Nat Rev Nephrol 2009;5(12):713-21. https://doi.org/10.1038/
nrneph.2009.184.

Strazzullo P, Galletti F. Impact of the renin-angiotensin system on lipid and
carbohydrate metabolism. Curr Opin Nephrol Hypertens 2004;13(3):325-32.
https://doi.org/10.1097,/00041552-200405000-00010.

Varbo A, Benn M, Tybjerg-Hansen A, Nordestgaard BG. Elevated remnant
cholesterol causes both low-grade inflammation and ischemic heart disease,
whereas elevated low-density lipoprotein cholesterol causes ischemic heart disease
without inflammation. Circulation 2013;128(12):1298-309. https://doi.org/
10.1161/CIRCULATIONAHA.113.003008.

Rops ALWMM, Jansen E, van der Schaaf A, et al. Interleukin-6 is essential for
glomerular immunoglobulin A deposition and the development of renal pathology
in Cd37-deficient mice. Kidney Int 2018;93(6):1356-66. https://doi.org/10.1016/
j-kint.2018.01.005.

Mansyur MA, Bakri S, Patellongi 1J, Rahman IA. The association between
metabolic syndrome components, low-grade systemic inflammation and insulin
resistance in non-diabetic Indonesian adolescent male. Clin Nutr ESPEN 2020;35:
69-74. https://doi.org/10.1016/j.clnesp.2019.12.001.

Ruscica M, Ferri N, Santos RD, Sirtori CR, Corsini A. Lipid lowering drugs: present
status and future developments. Curr Atheroscler Rep 2021;23(5):17. https://doi.
org/10.1007/s11883-021-00918-3. Published 2021 Mar 10.

Driver SL, Martin SS, Gluckman TJ, Clary JM, Blumenthal RS, Stone NJ. Fasting or
nonfasting lipid measurements: it depends on the question. J Am Coll Cardiol 2016;
67(10):1227-34. https://doi.org/10.1016/j.jacc.2015.12.047.

Desmeules S, Arcand-Bossé JF, Bergeron J, Douville P, Agharazii M. Nonfasting
non-high-density lipoprotein cholesterol is adequate for lipid management in
hemodialysis patients. Am J Kidney Dis 2005;45(6):1067-72. https://doi.org/
10.1053/j.ajkd.2005.03.002.

Wanner C, Tonelli M, Disease Kidney. Improving global outcomes lipid guideline
development work group members. KDIGO clinical practice guideline for lipid
management in CKD: summary of recommendation statements and clinical
approach to the patient. Kidney Int 2014;85(6):1303-9. https://doi.org/10.1038/
ki.2014.31.


https://doi.org/10.1161/CIRCRESAHA.115.306249
https://doi.org/10.1016/s0140-6736(82)91513-6
https://doi.org/10.1046/j.1523-1755.1999.07109.x
https://doi.org/10.2337/diabetes.54.8.2328
https://doi.org/10.1074/jbc.M110650200
https://doi.org/10.1074/jbc.M110650200
https://doi.org/10.1371/journal.pone.0105787
https://doi.org/10.1371/journal.pone.0105787
https://doi.org/10.1007/s00125-010-1951-1
https://doi.org/10.1007/s00125-010-1951-1
https://doi.org/10.1161/CIRCULATIONAHA.121.055560
https://doi.org/10.1161/CIRCULATIONAHA.121.055560
https://doi.org/10.1016/j.atherosclerosis.2016.08.018
https://doi.org/10.1016/j.atherosclerosis.2016.08.018
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1016/S0140-6736(20)30045-3
http://www.aifa.gov.it/-/linee-guida-studi-osservazionali
http://www.aifa.gov.it/-/linee-guida-studi-osservazionali
https://doi.org/10.1161/CIR.0b013e3182160726
https://doi.org/10.2337/dc16-1246
https://doi.org/10.2337/dc16-1246
https://doi.org/10.1161/ATVBAHA.119.312705
https://doi.org/10.1016/S0140-6736(12)61272-0
https://doi.org/10.1016/S0140-6736(14)61177-6
https://doi.org/10.1161/JAHA.119.015801
https://doi.org/10.1016/j.atherosclerosis.2013.12.037
https://doi.org/10.1053/j.ajkd.2015.05.011
https://doi.org/10.1053/j.jrn.2017.05.002
https://doi.org/10.1053/j.jrn.2017.05.002
https://doi.org/10.1186/s12882-021-02339-5
https://doi.org/10.1186/s12882-021-02339-5
https://doi.org/10.1038/s41598-018-20907-y
https://doi.org/10.1001/jama.2014.6634
https://doi.org/10.1038/nrneph.2009.184
https://doi.org/10.1038/nrneph.2009.184
https://doi.org/10.1097/00041552-200405000-00010
https://doi.org/10.1161/CIRCULATIONAHA.113.003008
https://doi.org/10.1161/CIRCULATIONAHA.113.003008
https://doi.org/10.1016/j.kint.2018.01.005
https://doi.org/10.1016/j.kint.2018.01.005
https://doi.org/10.1016/j.clnesp.2019.12.001
https://doi.org/10.1007/s11883-021-00918-3
https://doi.org/10.1007/s11883-021-00918-3
https://doi.org/10.1016/j.jacc.2015.12.047
https://doi.org/10.1053/j.ajkd.2005.03.002
https://doi.org/10.1053/j.ajkd.2005.03.002
https://doi.org/10.1038/ki.2014.31
https://doi.org/10.1038/ki.2014.31

	Hypertriglyceridemia is associated with decline of estimated glomerular filtration rate and risk of end-stage kidney diseas ...
	1 Introduction
	2 Materials and methods
	2.1 Data sources
	2.2 Cohort definition and data collection
	2.3 Statistical analysis

	3 Results
	4 Discussion
	Funding

	Declaration of Competing Interest
	Acknowledgments
	References


