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Abstract
Background: Increased total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), and
decreased high-density lipoprotein cholesterol (HDL-C) concentrations, are established risk factors for cardiovascular
morbidity and mortality; but their impact on the risk of advanced chronic kidney disease (CKD) is unclear. This study
evaluates the association between the different lipid profiles and the onset of advanced CKD using a general population sample.
Methods: This observational study used records of 911,360 individuals from the English Clinical Practice Research
Datalink (from 2000 to 2014), linked to coded hospital discharges and mortality registrations. Cox models were used
to examine the independent association between the equal quarters of TC, TG, LDL-C, and HDL-C and the risk of
advanced CKD, after adjustment for sex and age, and potential effect mediators.
Results: During a median follow-up of 7.5 years, 11,825 individuals developed CKD stages 4–5. After adjustment for
sex and age, the hazard ratios (HRs) and confidence intervals (CIs) for CKD stages 4–5 comparing the 4th vs. 1st quarters of TG and 1st vs. 4th quarters of HDL-C were 2.69 (95% CI, 2.49–2.90) and 2.61 (95% CI, 2.42–2.80), respectively.
Additional adjustment for potential effect mediators reduced the HRs to 1.28 (95% CI, 1.15–1.43), and 1.27 (95% CI,
1.14–1.41), respectively. There was no evidence of fully adjusted associations with CKD stages 4–5 for levels of either
TC or LDL-C.
Conclusions: Elevated TG and reduced HDL-C levels are independently associated with the onset of advanced
CKD. Future studies, such as in basic science and randomized trials, are needed to understand whether associations
between TG and HDL-C and the development of CKD are causal.
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Background
Chronic kidney disease (CKD) is an emerging major
global public health problem, due to its increasing prevalence, poor outcomes, and substantial cost of renal
replacement therapy [1]. CKD has multiple risk factors.
Some risk factors for CKD, especially hypertension and
diabetes, are well established; others are emerging, and
yet others are unknown [2]. Thus, identification and
treatment of modifiable risk factors remain the best strategy to prevent and delay CKD development.
Dyslipidaemia, including increased total cholesterol
(TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), and decreased high-density lipoprotein
cholesterol (HDL-C) are risk factors for cardiovascular disease (CVD) [3–9]. Data from several clinical trials have confirmed that treatment with a statin, which
lowers LDL-C, substantially reduces the incidence of
CVD [10, 11]. However, the association of these different lipids with the development of renal dysfunction
remains controversial. Some observational studies have
demonstrated a significant association between TC [12],
TG [13], LDL-C [12], and HDL-C [14] and the development of CKD, whereas an opposite result was observed
in other studies [15, 16]. These inconsistent findings may
be attributed to reverse causality, different study populations, different adjustments, different definitions of CKD,
and concurrent lipid-lowering therapy.
Given the clinical uncertainty, we sought to determine
whether TC, TG, LDL-C, and HDL-C are independently
associated with the onset of CKD stages 4–5 using largescale, prospectively collected data from a general population. Also, we aimed to assess how much of the observed
lipid-CKD associations are explained by the established
risk factors for CKD.
Methods
Study design

The English Clinical Practice Research Datalink (CPRD)
provides anonymous data from electronic health records
of ≈ 674 primary care practices, covering ≈ 4.4 million
active individuals, who represent approximately 8 % of
the United Kingdom (UK) population. The CPRD population has been validated to be representative of the UK
general population vis-à-vis sex, age, and ethnicity [17].
Linkage to area-based social deprivation, Hospitalisation Episode Statistics (HES), and mortality data was
available for approximately 75% of all UK CPRD practices. HES database includes admission and discharge

dates and diagnostic data (coded with the ICD-10) for
several clinical conditions. Scientific approval for our
study (15_029R) was given by the Independent Scientific
Advisory Committee (ISAC), who govern research using
CPRD data.
Study population

The data used here was formerly used to evaluate
the association between body-mass index (BMI) and
advanced CKD and end-stage renal disease (ESRD) [18].
It included 1,405,016 individuals from the CPRD database with a valid BMI measurement at any time between
January 2000 and March 2014 [18, 19]. Details of the initial inclusion and exclusion criteria is described previously [18, 19]. In brief, eligible individuals had to be aged
between 20 to 79 years, had BMI between 15 to 60 kg/
m2, and had a minimum of 2 years of data prior to their
baseline date [19]. Of 1,405,016 individuals, we selected a
secondary population of 1,006,629 (71.6%) with baseline
data on TC. The first measurement of TC was the index
date, and individuals were censored at the earliest date
of - death, transfer out of practice, the last collection of
quality data for their practice, or the end of the study in
March 2014. To minimize reverse causality, we excluded
95,269 (9.5%) who had less than 2 years of follow-up data,
leaving 911,360 individuals for analysis.
Definition of covariates

Covariates were defined at the individual’s baseline or,
when not present at that date, the most recent when
they were recorded in the previous 2 years. For ease, all
are labeled “baseline characteristics”. We characterized
smoking status as current or not. The index of multiple
deprivation (IMD), a measure of area-based social deprivation, was characterized into equal tenths, where the
first implied the least deprived 10%, and the tenth the
most deprived 10%, of the English population. We characterised BMI into five groups: < 20, ≥20- < 25, ≥25- < 30,
≥30- < 35, ≥35 kg/m2. Comorbidities included prior
diabetes mellitus (defined using diabetes diagnosis or
treatment-related codes, a prescription of anti-diabetic
medication or hemoglobin A1c ≥ 6.5% [≥48 mmol/mol])
and prior CVD (defined using 12 validated cardiovascular outcomes, and includes heart failure, coronary artery,
cerebrovascular and peripheral arterial diseases) [18, 20].
Medications included the use of insulin, antihypertensives (renin-angiotensin-aldosterone system inhibitors,
thiazides, and any other anti-hypertensive medication),
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and statin (simvastatin, atorvastatin, and any other
statin).
Definition of predictors and outcomes

Predictors - TC, TG, LDL-C, and HDL-C were determined from laboratory results and were grouped into
equal quarters. The outcome of this study was the first
record of CKD stages 4–5, derived from internationally
recognised clinical definitions and a set of rules integrating mortality records, inpatient procedural or diagnostic codes, and laboratory test/diagnostic results [18, 19].
Where laboratory results were recorded, we calculated
estimated glomerular filtration rate (eGFR) from creatinine results using CKD Epidemiology Collaboration
(CKD-EPI) formula [21]. CKD stages 4–5 were defined
if there were a minimum of two eGFR measurements
< 30 mL/min/1.73m2, separated by no less than 3 months,
with no eGFR result ≥30 mL/min/1.73m2 in the intervening period [18, 19].
Statistical analyses

Baseline characteristics of the secondary population
were stratified by the quarters of lipids and presented
as means and standard deviations (SDs) for normally
distributed variables, but for asymmetric distributions
medians and interquartile ranges (25th–75th percentile)
were reported. Number and percentage were reported
for categorical variables. The associations between the
quarters of lipids and the risk of advanced CKD were
quantified using complete case Cox proportional hazards analyses. We constructed two models: Model 1
was adjusted for sex and age; Model 2 was adjusted for
sex, age, and potential mediators of the effect, comprising smoking status, IMD tenth, systolic blood pressure
(SBP), BMI, eGFR, prior diabetes mellitus, prior CVD,
antihypertensive medication, insulin, and statin use, at
baseline. Pre-specified subgroup analyses by baseline age,
sex, BMI, eGFR, diabetes mellitus, CVD, and statin use
were performed to evaluate potential effect modification
in the adjusted models. The overall and sex-stratified correlations among the different lipids were assessed using
Pearson’s correlation coefficients. Furthermore, lipids
were analyzed as continuous variables using a restricted
spline model adjusted for all the variables in Model 2.
The reference values were fixed at the median value of
the first quarters - 166, 66.4, and 88.9 mg/dL for TC, TG,
and LDL-C, respectively, while for HDL-C, the reference
value was fixed at the median value of the fourth quarter,
73.5 mg/dL. All reported p values were two-tailed, and p
values less than 0.05 were considered statistically significant. All statistical analyses used R v3.2.2 (www.R-proje
ct.org).
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Results
Baseline characteristics

Of the 911,360 individuals who had baseline total cholesterol recorded, 53% were women, the mean age of
the study population was 54.6 (SD 12.9) years, the mean
eGFR was 79.6 (SD 17.7) mL/min/1.73 m2 and 12% took
statins (Table 1). Baseline characteristics of the individuals, stratified by the quarters of baseline TC, TG, LDL-C,
and HDL-C are presented in Table 1 and Supplemental
Table S1-S3. Age, SBP, TG, and LDL-C increased with
higher TC. The frequency of females and overweight
(BMI ≥25 and < 30 kg/m2) also increased, whereas eGFR
levels and frequencies of prior diabetes mellitus, prior
CVD, antihypertensive, insulin, and statin use decreased
with higher TC levels (Table 1).
Association between quarters of baseline lipids
and advanced CKD

During a median follow-up of 7.5 (25th–75th percentile,
4.9–10.1) years, 11,825 individuals developed advanced
CKD. The hazard ratios (HRs) and confidence interval
(CIs) of the association between the quarters of baseline lipid levels and advanced CKD are shown in Table 2.
After accounting for sex and age, the HRs and CIs comparing the 4th vs. 1st quarters of TC, TG, and LDL-C and
advanced CKD were 0.62 (95% CI, 0.59–0.65), 2.69 (95%
CI, 2.49–2.90), and 0.61 (95% CI, 0.57–0.66), respectively.
For HDL-C the HR comparing the 1st vs. 4th quarters
and advanced CKD was 2.61 (95% CI 2.42–2.80) (Table 2,
Model 1). Adjustment for sex, age, and potential effect
mediators reduced all lipid-advanced CKD associations,
but the HRs remained significant for TG (HR 4th vs. 1st,
1.28, 95% CI, 1.15–1.43) and HDL-C (HR 1st vs. 4th, 1.27,
95% CI, 1.14–1.41) (Table 2, Model 2).
To further evaluate the association between the lipids
and advanced CKD, we fitted the lipids as a continuous
variable using a restricted spline model adjusting for sex,
age, smoking status, IMD tenth, SBP, BMI, eGFR, prior
diabetes mellitus, prior CVD, antihypertensive medication, insulin, and statin use. We found an increasing
log-linear relationship between TG and advanced CKD,
whereas a decreasing association was observed with
HDL-C (Fig. 1). In contrast, there were no associations
between TC and LDL-C levels and advanced CKD.
The associations between the quarters of both TG and
HDL-C with advanced CKD were consistent across subgroups of the baseline characteristics (Fig. 2). Yet, there
was evidence of heterogeneity (p value for interaction
< 0.05) by sex. Visual inspection of the forest plot indicates a stronger association between quarters of TG (4th
vs. 1st) and HDL-C (1st vs. 4th) with advanced CKD
in females than males. The sex-stratified correlation
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Table 1 Baseline characteristics of the main study population across the quarters of baseline total cholesterol
Variables

Total (n = 911,360)

Q1 (n = 227,711)

Q2 (n = 222,006)

Q3 (n = 230,520)

Q4 (n = 231,123)

TC, mg/dL, median [25th–75th %]

213 [182–243]

166 [151–174]

197 [189–205]

224 [217–232]

263 [251–286]

Age, years, mean (SD)

54.6 (12.9)

52.0 (14.6)

53.7 (12.9)

55.5 (12.0)

57.2 (11.3)

Female sex, n (%)

479,498 (52.6)

109,838 (48.2)

113,745 (51.2)

121,932 (52.9)

133,983 (58.0)

Current smoker, n (%)

189,234 (20.8)

47,246 (20.7)

44,875 (20.2)

47,006 (20.4)

50,107 (21.7)

IMD tenth > 5, n (%)

381,892 (41.9)

100,777 (44.3)

92,536 (41.7)

93,717 (40.7)

94,862 (41.0)

BMI, kg/m2, mean (SD)

28.5 (5.8)

28.4 (6.2)

28.5 (5.9)

28.7 (5.7)

28.6 (5.3)

BMI category, kg/m2, n (%)
< 20

17,862 (3.2)

6940 (4.5)

4484 (3.2)

3694 (2.7)

2744 (2.1)

≥20, < 25

141,377 (25.0)

42,219 (27.4)

36,159 (25.8)

33,175 (23.8)

29,824 (22.6)

≥25, < 30

≥30, < 35

≥35

SBP, mmHg, mean (SD)

214,076 (37.8)

53,723 (34.8)

51,854 (37.0)

54,326 (39.0)

54,173 (41.0)

120,029 (21.2)

30,535 (19.8)

29,134 (20.8)

30,366 (21.8)

29,994 (22.7)

72,311 (12.8)

20,779 (13.5)

18,508 (13.2)

17,686 (12.7)

15,338 (11.6)

139 (20.9)

134 (19.9)

138 (20.5)

141 (20.7)

144 (21.2)

TG mg/dL, median [25th–75th %]

124 [85.0–177]

97.4 [70.9–136]

112 [79.7–159]

126 [88.6–181]

159 [112–230]

LDL-C, mg/dL, median [25th–75th %]

128 [104–155]

88.9 [77.3–103]

120 [108–128]

143 [131–151]

174 [160–193]

HDL-C, mg/dL, median [25th–75th %]

53.8 [42.9–65.0]

49.5 [40.2–58.0]

53.4 [42.9–64.2]

54.1 [45.6–65.7]

55.7 [46.4–68.1]

eGFR, mL/min/1.73 m2, mean (SD)

79.6 (17.7)

82.6 (19.0)

80.7 (17.4)

78.7 (16.8)

76.2 (16.7)

Prior diabetes mellitus, yes, n (%)

93,097 (10.2)

36,985 (16.2)

22,607 (10.2)

18,255 (7.9)

15,250 (6.6)

Prior CVD, yes, n (%)

129,643 (14.2)

49,824 (21.9)

30,272 (13.6)

25,451 (11.0)

24,096 (10.4)

Antihypertensive med., yes, n (%)

317,501 (34.8)

88,945 (39.1)

74,634 (33.6)

76,040 (33.0)

77,882 (33.7)

Insulin, yes, n (%)

19,458 (2.1)

9281 (4.1)

4716 (2.1)

3262 (1.4)

2199 (1.0)

Statin category, n (%)
Simvastatin

60,696 (6.7)

33,010 (14.5)

13,603 (6.1)

8143 (3.5)

5940 (2.6)

Atorvastatin

34,237 (3.8)

18,448 (8.1)

7690 (3.5)

4327 (1.9)

3772 (1.6)

Other statins

12,345 (1.4)

4462 (2.0)

3249 (1.5)

2562 (1.1)

2072 (0.90

Continuous values shown as mean (standard deviation) or median [interquartile range]; categorical values shown as number (percentage)
Abbreviations: Q Quarters, IMD tenth Index of Multiple Deprivation tenth (First = least deprived, Tenth = most deprived), BMI body-mass index, SBP systolic blood
pressure, TC total cholesterol, TG triglycerides, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, eGFR estimated glomerular
filtration rate, CVD cardiovascular disease, med medication, Other statins Cerivastatin, Fluvastatin, Pravastatin, or Rosuvastatin

analyses showed that TG levels are negatively correlated
with HDL-C levels in both females (r = − 0.36) and males
(r = − 0.35) (Supplemental Table S4).

Discussion
In this large cohort, nearing a million individuals,
with more than 7 years median follow-up we found an
independent and graded association between quarters
of baseline TG and HDL-C and onset of CKD stages
4–5. The hazard ratio for the highest versus lowest quarters was 1.28 (95% CI, 1.15–1.43) for TG and
the lowest versus the highest quarters was 1.27 (95%
CI, 1.14–1.41) for HDL-C, after adjustment for sex,
age, smoking status, IMD tenth, BMI, SBP, eGFR,
prior diabetes mellitus, prior CVD, antihypertensive
medication, insulin, and statin use, at baseline. Also,
the pattern of the associations between the quarters
of TG and HDL-C with CKD stages 4–5 appears to be

consistent by pre-defined baseline subgroups, except
that there was evidence of a greater effect in women
than men. In addition, there was a stronger association between TG and advanced CKD in individuals
with eGFR ≥60 mL/min/1.73 m2 than eGFR < 60 mL/
min/1.73 m2. These findings suggest that therapeutic
approaches such as fibrates that reduce TG levels and
raise HDL-C levels, which were correlated in this study
population, may thus reduce the risk of advanced
CKD. Conversely, there was no evidence of an association between quarters of TC and LDL-C with risk
of CKD stages 4–5, suggesting that lowering TC and
LDL-C levels might not have an effect on the prevention of advanced CKD.
Several small studies have found that TG and/or
HDL-C levels are associated with the development
and/or progression of CKD [13, 22–25]. A systematic review and meta-analysis of longitudinal studies
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Table 2 Association between the quarters of baseline lipids
levels with hazard of CKD stages 4–5
Lipid
quarter

No. of
events

Total

Hazard ratio (95% confidence
interval)
Model 1

Model 2

TC
Q1

3489

227,711

1 (Ref)

1 (Ref)

Q2

2713

222,006

0.74 [0.71–0.78]

1.01 [0.95–1.09]

Q3

2673

230,520

0.64 [0.61–0.67]

0.98 [0.90–1.05]

Q4

2950

231,123

0.62 [0.59–0.65]

0.90 [0.83–0.97]

TG
Q1

837

161,250

1 (Ref)

1 (Ref)

Q2

1552

164,514

1.35 [1.24–1.46]

1.04 [0.93–1.17]

Q3

2325

175,422

1.77 [1.63–1.91]

1.08 [0.97–1.21]

Q4

2953

159,952

2.69 [2.49–2.90]

1.28 [1.15–1.43]

LDL-C
Q1

1607

136,004

1 (Ref)

1 (Ref)

Q2

9,66

117,132

0.69 [0.63–0.74]

0.92 [0.83–1.03]

Q3

1010

128,509

0.60 [0.55–0.65]

0.91 [0.81–1.03]

Q4

1152

124,492

0.61 [0.57–0.66]

0.95 [0.85–1.07]

HDL-C
Q1

2366

165,744

2.61 [2.42–2.80]

1.27 [1.14–1.41]

Q2

2154

196,406

1.69 [1.57–1.82]

1.10 [1.00–1.22]

Q3

1105

129,916

1.21 [1.11–1.31]

0.99 [0.88–1.11]

Q4

1210

158,641

1 (Ref)

1 (Ref)

Model 1: adjusted for sex and age; Model 2: adjusted for model 1 plus
smoking status, IMD tenth, SBP, BMI, eGFR, prior diabetes mellitus, prior CVD,
antihypertensive medication, insulin, and statin use. CKD stages 4–5 were
determined if there were at least two eGFR measurements < 30 mL/min/1.73m2,
separated by at least three months, with no eGFR result ≥30 mL/min/1.73m2 in
the intervening period

including 30,146 individuals with metabolic syndrome
reported that elevated TG and low HDL-C are associated with the development of CKD (eGFR < 60 mL/min
per 1.73 m2) [22]. Another study found that a higher
TG:HDL-C ratio is an independent risk factor for the
incidence and progression of CKD [26]. Similarly, a
study in 12,549 hypertensive individuals of the China
Stroke Primary Prevention Trial (CSPPT) showed that
higher TG and TG:HDL-C ratio are independent predictors for rapid renal function decline (eGFR ≥5 mL/
min/1.73m2 per year) [27]. A study in 12,728 individuals of the Atherosclerosis Risk in Communities
(ARIC) cohort showed that high TG and low HDL-C
levels are associated with a higher risk of renal dysfunction (serum creatinine ≥0.4 mg/dL) [23]. A study
on 15,362 individuals with a baseline eGFR ≥60 mL/
min/1.73m2 attending Italian diabetes centers, showed
that high TG and low HDL-C levels are independent
risk factors for the development of diabetic kidney disease [28]. In a community-based, longitudinal cohort

Page 5 of 9

study of 2585 individuals, the HDL-C level predicted
the development of new-onset kidney disease [24]. In
17,375 individuals of the general Viennese population,
lower HDL-C was a predictor of the development of
renal dysfunction [25]. In a 2-sample Mendelian randomization study, higher HDL-C was causally related
with higher eGFR and lower odds of eGFR < 60 ml/
min/1.73 m2 per year [14]. A large study in 1,943,682
US veterans with an average eGFR of 74.85 mL/
min/1.73 m2 showed a U-shaped association between
HDL-C levels and renal outcomes [29]. A post-hoc
analysis of 4326 individuals found that TG levels significantly (P value < 0.05) predict the development of
proteinuria in both men and women [13]. Further, an
analysis of the Action in Diabetes and Vascular Disease: preterAx and diamicroN-MR Controlled Evaluation (ADVANCE) study, a cohort of 11,140 individuals
with type 2 diabetes, found that HDL-C is associated
with the development of microalbuminuria and macroalbuminuria [30].
Our study, using a large primary care database, confirmed that higher TG and lower HDL-C levels are independently associated with the development of CKD
stages 4–5. It is possible that the cholesterol content of
triglyceride-rich lipoproteins and low HDL-C levels may
lead to inflammation, foam cell formation, atherosclerotic plaques, and ultimately CVD and renal damage [4,
7, 31, 32]. It is also possible that there is a link between
low HDL-C, reduced glucose metabolism, and risk of
diabetes mellitus [33]. Furthermore, estrogen may have
a negative impact on triglycerides contributing to damage to renal structure and function in females [34]. In
our study we found a significant interaction by sex, indicating a differential effect of TG and HDL-C in females
versus males.
The strengths of our study are the large sample size,
long follow-up, well-defined outcome, and subgroup
analysis. Additionally, this study compared the magnitude of the risk of CKD stages 4–5 by each component
of lipids separately, which might help adopt the best
approach for identifying individuals at risk of developing advanced CKD. Furthermore, we omitted the initial
2 years of follow-up from the analysis because underlying diseases might impact negatively on lipid levels, and
the observed association between lipid levels and CKD
stages 4–5 may be driven by the causal link between
the underlying disease stage and a subsequent outcome
event. We also acknowledge that this study has limitations. First, a single measurement of each lipid may have
resulted in the misclassification of the covariates and
the outcome. While non-differential misclassification
often results in a bias toward the null, this is not always
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Fig. 1 Hazard ratios (95% confidence intervals) for CKD stages 4–5 by baseline lipid levels. The restricted cubic spline of lipids was fitted in a
multivariate model adjusting for sex, age, smoking status, IMD tenth, SBP, BMI, eGFR, prior diabetes mellitus, prior CVD, antihypertensive medication,
insulin, and statin use

the case. Second, the completeness of data was another
limitation. In our study, 27.5% of individuals had missing TG measurements, 44.5% individuals had missing
LDL-C measurements, and 28.6% individuals had missing HDL-C measurements. The decisions to perform
cholesterol tests may have been related to confounding
by indication if laboratory tests were ordered when individuals presented with illness. Accordingly, individuals with non-measured cholesterol values might differ
from those with values recorded. Third, although major
risk factors and the issue of reverse causality have been
considered, as with any epidemiological study, there are

possibilities that residual confounding and selection
bias might still exist. Finally, the inclusion of proteinuria
would have been helpful as extra confirmation of renal
dysfunction, however, it was only available in a small
proportion of individuals, so, unfortunately, it was not
included in our CKD definition.

Conclusions
Our study found that elevated TG and reduced HDL-C
levels are independently associated with a higher risk
of CKD stages 4–5. This suggests that TG and HDL-C

(See figure on next page.)
Fig. 2 Association between quarters of baseline TG and HDL-C with the hazard of CKD stages 4–5 by pre-defined subgroups of baseline
characteristics. The multivariate model was adjusted for sex, age, smoking status, IMD tenth, SBP, BMI, eGFR, prior diabetes mellitus, prior CVD,
antihypertensive medication, insulin, and statin use. Q indicates lipid quarters, and the reference value is Q1 and Q4 for TG and HDL-C, respectively.
P value < 0.05 indicates the presence of significant interaction by baseline sub-groups
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levels might be useful for risk stratification as well as
for a potential target to reduce the risk of development
of CKD. Future studies are needed to understand the
potential causal relationship between TG and HDL-C
levels and CKD.
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