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ABSTRACT
It is unknown whether chronic kidney disease (CKD) is associated with nonalcoholic fatty liver disease
among patients with type 2 diabetes. We followed 1760 outpatients with type 2 diabetes and normal or
near-normal kidney function and without overt proteinuria for 6.5 yr for the occurrence of CKD (defined
as overt proteinuria and/or estimated GFR �60 ml/min per 1.73 m2). During follow-up, 547 participants
developed incident CKD. Nonalcoholic fatty liver disease, diagnosed by liver ultrasound and exclusion of
other common causes of chronic liver disease, was associated with a moderately increased risk for CKD
(hazard ratio 1.69; 95% confidence interval 1.3 to 2.6; P � 0.001). Adjustments for gender, age, body
mass index, waist circumference, BP, smoking, diabetes duration, glycosylated hemoglobin, lipids,
baseline estimated GFR, microalbuminuria, and medications (hypoglycemic, lipid-lowering, antihyper-
tensive, or antiplatelet drugs) did not appreciably attenuate this association (hazard ratio 1.49; 95%
confidence interval 1.1 to 2.2; P � 0.01). In conclusion, our findings suggest that nonalcoholic fatty liver
disease is associated with an increased incidence of CKD in individuals with type 2 diabetes, independent
of numerous baseline confounding factors.
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Chronic kidney disease (CKD) in type 2 diabetes is
a major problem for patients and health care sys-
tems. CKD often progresses to ESRD with its atten-
dant complications. Patients with diabetes and
ESRD are now accepted for renal replacement ther-
apy in steadily increasing numbers and currently
account for more than one third to one half of new
patients in some countries.1–3 The treatment of ear-
lier stages of nephropathy in diabetes is effective in
slowing the progression toward ESRD.1– 6 Thus, the
early detection of precursors and risk factors for
CKD is very important.

Nonalcoholic fatty liver disease (NAFLD), in its
whole spectrum of disease ranging from simple ste-
atosis to steatohepatitis and cirrhosis, is one of the
most common causes of chronic liver disease in
clinical practice.7–9 NAFLD prevalence has been es-

timated to be in the 15 to 30% range in the general
population in various countries7–11 and is almost
certainly increasing. Compared with individuals
without diabetes, patients with type 2 diabetes seem
to be at increased risk for developing NAFLD and
certainly have a higher risk for developing fibrosis
and cirrhosis.7–9 It has been estimated that approx-
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imately 70 to 75% of patients with type 2 diabetes have some
form of NAFLD.9,12,13 Moreover, growing evidence suggests
that NAFLD may be linked to an increased risk for cardiovas-
cular disease (CVD), especially in the population with type 2
diabetes.13–15

Currently, there is a dearth of information on the associa-
tion between NAFLD and risk for developing CKD in type 2
diabetes. The impact of NAFLD on the incidence of CKD de-
serves particular attention in view of the potential implications
for screening/surveillance strategies in the growing number of
patients with NAFLD. The aim of this study was to assess
whether NAFLD is associated with an increased incidence of
CKD in a large cohort of individuals with type 2 diabetes.

RESULTS

As shown in Figure 1, 1827 outpatients with type 2 diabetes and
normal or near-normal kidney function and without overt
proteinuria at baseline were eligible for the study after exclu-
sion of those with secondary causes of chronic liver disease
(alcohol, viral hepatitis, medications) and those who had a
history of malignancy and CVD. The ascertainment at the end
of the 6.5-yr follow-up period for the eligible cohort was
96.2%. Participants who attended the follow-up examinations
(n � 1760) were essentially similar to those who were initially
eligible (n � 1827) and to those who did not attend the fol-
low-up examinations (n � 67) in terms of demographic vari-
ables, estimated GFR (eGFR), and NAFLD status; 1760 partic-
ipants were included in the final analysis.

During follow-up, 547 participants developed incident
CKD (i.e., approximately 4.5% of participants progressed ev-
ery year to eGFR �60 ml/min per 1.73 m2 and/or overt pro-
teinuria); their mean � SD eGFR at follow-up was 55 � 12
ml/min per 1.73 m2. Of these, seven developed ESRD requiring
chronic dialysis, 428 developed CKD without overt protein-
uria, and 112 developed overt proteinuria, irrespective of
eGFR, at follow-up.

The baseline characteristics of the cohort by CKD status at
follow-up are shown in Table 1. At baseline, patients who de-

veloped CKD at follow-up were older, were more centrally
obese, were more likely to be male, and had both longer diabe-
tes duration and greater frequency of microalbuminuria than
those who did not. They also had higher systolic BP (SBP),
glycosylated hemoglobin (HbA1c), triglycerides, and liver en-
zymes and lower HDL cholesterol and eGFR levels. Diastolic
BP, smoking status, and LDL cholesterol did not significantly
differ between the groups. The proportion using antihyperten-
sive drugs was higher in those who progressed to CKD,
whereas the proportion using antiplatelet or lipid-lowering
drugs was essentially similar in both groups. Notably, the fre-
quency of NAFLD was remarkably greater in those who devel-
oped CKD at follow-up than in those who did not.

As expected,12 patients with NAFLD were older, were more
centrally obese, were more likely to be male, and had both
longer diabetes duration and greater frequency of microalbu-
minuria than their counterparts without NAFLD. They also
had lower eGFR and HDL cholesterol levels and higher SBP,
triglycerides, HbA1c, and liver enzymes, although the vast ma-
jority (88%) of patients with NAFLD had serum alanine ami-
notransferase concentrations within the reference range (data
not shown).

The cumulative proportions of participants who developed
CKD at follow-up by NAFLD status are shown in Figure 2. The

Figure 1. Details of the study design. 1760 participants attend-
ing the follow-up examinations were included in the final analysis.

Table 1. Baseline characteristics of the cohort with
diabetes by CKD status at follow-upa

Variables
No CKD at
Follow-up
(n � 1213)

CKD at
Follow-up
(n � 547)

P

Gender (% men) 60 63 0.001
Age (yr) 57 � 3 60 � 4 0.001
BMI (kg/m2) 26 � 3 27 � 3 0.001
Waist circumference (cm) 92 � 11 96 � 13 0.001
Duration of diabetes (yr) 12 � 3 14 � 3 0.001
Oral hypoglycemic drugs (%) 61 63 0.400
Insulin only (%) 16 20 0.001
Antihypertensive users (%) 63 71 0.001
Aspirin users (%) 49 48 0.800
Lipid-lowering users (%) 36 37 0.600
Current smokers (%) 22 23 0.700
SBP (mmHg) 127 � 12130 � 15 0.001
DBP (mmHg) 82 � 11 83 � 13 0.200
HbA1c (%) 6.9 � 0.8 7.3 � 1.0 0.001
Triglycerides (mmol/L) 1.34 � 0.70 1.60 � 1.00 0.001
HDL cholesterol (mmol/L) 1.40 � 0.30 1.33 � 0.40 0.001
LDL cholesterol (mmol/L) 3.33 � 0.40 3.31 � 0.40 0.700
eGFR (ml/min per 1.73 m2) 96 � 7 92 � 10 0.001
Microalbuminuria (%) 24 43 0.001
AST (U/L) 19 � 4 23 � 10 0.001
ALT (U/L) 21 � 7 28 � 11 0.001
GGT (U/L) 20 � 8 28 � 12 0.001
NAFLD (%) 63 96 0.001
�aData are means � SD or frequencies. Differences are assessed by the
unpaired t test (for continuous variables) and by the �2 test (for categorical
measures). Cohort size n � 1760. ALT, alanine aminotransferase; AST,
aspartate aminotransferase; DBP, diastolic BP; GGT, � -glutamyl transferase.
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difference between the groups was significant (P � 0.002 by the
log-rank test).

In univariate regression analysis (Table 2), NAFLD was as-
sociated with an increased risk for CKD. Male gender, older
age, SBP, hypertension treatment, diabetes duration, insulin
treatment, HbA1c, triglycerides, alanine aminotransferase,
smoking, microalbuminuria, and lower baseline eGFR were
also associated with increased CKD risk, whereas body mass
index (BMI), LDL cholesterol, and lipid-lowering and anti-
platelet treatments were not.

In multivariate regression analysis (Table 2), the association
between NAFLD and CKD was little affected by adjustment for
gender and age (model 1). The results remained essentially
unchanged when the association between NAFLD and CKD
was examined in subgroups stratified by gender and age (data
not shown). Additional adjustments for numerous baseline
confounding factors did not alter the significant relationship
between NAFLD and CKD (model 2). Of note, other variables
independently associated with the development of CKD were
older age, smoking, diabetes duration, HbA1c, SBP, hyperten-
sion treatment, microalbuminuria, and lower baseline eGFR.

Similar results were found for each of the components of
the renal outcome: overt proteinuria and eGFR �60 ml/min
per 1.73 m2, separately (multiple-adjusted HR 1.45 [95% con-
fidence interval (CI) 1.05 to 2.6] and 1.57 [95% CI 1.2 to 2.5],
respectively; P � 0.05 to 0.01). The results of the fully adjusted
regression model remained unchanged when we additionally
adjusted for daily alcohol consumption or when participants
who were light to moderate drinkers (n � 368) were excluded
from analysis. Also in this case, NAFLD was independently
associated with an increased incidence of CKD (HR 1.52; 95%
CI 1.2 to 2.4; P � 0.014).

DISCUSSION

This is the first prospective study specifically aimed at assessing
the association between NAFLD and incident CKD during a
6.5-yr follow-up in a large cohort of adults with type 2 diabetes.

Our major finding was that NAFLD, as diagnosed by patient
history, blood sampling, and characteristic sonographic fea-

tures, is associated with a moderately increased risk for CKD in
a population with type 2 diabetes. The annual cumulative in-
cidence rate of CKD in our cohort (approximately 4.5% per
year) was comparable to that previously described in other
Italian and European populations with diabetes and similar
baseline characteristics (2.4 to 8.5% of patients who progressed
every year to CKD).16,17 Notably, in our study, the association
between NAFLD and CKD seems to be independent of numer-
ous baseline confounding factors, such as age, gender, adipos-
ity, diabetes duration, glycemic control, lipids, smoking, base-
line eGFR, microalbuminuria, hypertension, and medications
use.

Our findings are corroborated by a recent study of 10,337
healthy Korean men followed for approximately 3.5 yr, show-
ing that mildly elevated serum �-glutamyl transferase concen-
trations, as surrogate markers of NAFLD,7–9 are associated with
an increased risk for CKD (defined as overt proteinuria and/or
eGFR �60 ml/min per 1.73 m2) independent of age, baseline
eGFR, metabolic syndrome features, insulin resistance, C-reactive
protein, smoking, and alcohol consumption.18

The underlying biologic mechanisms by which NAFLD
may increase the risk for CKD in type 2 diabetes are poorly
understood. The most obvious explanation for our findings is
that the higher risk for CKD in patients with NAFLD simply
reflects the coexistence of underlying known risk factors; how-
ever, because in our study NAFLD was associated with an in-
creased risk for CKD independent of numerous baseline risk
factors, it is conceivable that NAFLD may confer an excess risk
over and above the risk expected as a result of the underlying
known risk factors. This suggests that NAFLD not only is a
marker of CKD in type 2 diabetes but also may be involved in
its pathogenesis.

The possible molecular mediators linking NAFLD and
CKD may include the release of some pathogenic factors from
the liver, including elevated advanced glycated end products,
increased reactive oxygen species, elevated C-reactive protein,
TNF-�, TGF-�1, and other proinflammatory cytokines. Im-
portantly, several studies have shown that these potential me-
diators of vascular and/or renal injury are remarkably higher in
diabetic/obese patients with NAFLD than in those with-
out15,19 –28 and are thought to be pathogenic factors for the
progression of CKD.1–3,6,19 Consistent with the hypothesis that
liver inflammation (or other liver-derived factors) in NAFLD
may play a role in the development and progression of CKD,
Cheng et al.29 reported that in a large cohort of individuals with
type 2 diabetes those with chronic hepatitis B virus infection
were more likely to develop ESRD than those who were not
infected with hepatitis B virus. Finally, NAFLD may worsen
whole-body insulin resistance and hyperglycemia,7,15 which
may in turn contribute to the progression of CKD.1,2,6,19,23,30,31

This notion is supported by the observation, in this study, that
the HbA1c was higher in patients with NAFLD than in those
without (7.2 � 1.0 versus 6.7 � 0.6%; P � 0.001).

The potential implications of our findings for patient care
are that in people with type 2 diabetes, the casual detection of

Figure 2. Cumulative proportions of patients who had type 2
diabetes and developed CKD during follow-up, stratified by
NAFLD status.
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Table 2. Univariate and multivariate Cox regression analyses showing associations of NAFLD and other factors with
incident CKD among adults with type 2 diabetesa

Parameter Univariate
Multivariate

Model 1 Model 2

NAFLD (yes versus no)
HR (95% CI) 1.69(1.30 to 2.60) 1.60(1.20 to 2.50) 1.49(1.10 to 2.20)
P 0.001 0.001 0.010

Age (per year)
HR (95% CI) 1.06(1.03 to 1.11) 1.05(1.04 to 1.10) 1.07(1.04 to 1.12)
P 0.001 0.001 0.001

Gender (male versus female)
HR (95% CI) 1.31(1.30 to 2.20) 1.30(1.20 to 2.10) 1.13(0.90 to 1.80)
P 0.001 0.001 0.200

Smoking (yes versus no)
HR (95% CI) 1.36(1.20 to 1.90) 1.34(1.20 to 1.90) 1.30(1.00 to 1.70)
P 0.001 0.001 0.050

BMI (per unit)
HR (95% CI) 1.15(0.90 to 1.30) 1.14(0.90 to 1.30) 1.10(0.90 to 1.20)
P 0.300 0.500 0.600

SBP (per unit)
HR (95% CI) 1.80(1.30 to 2.70) 1.78(1.30 to 2.70) 1.75(1.10 to 2.60)
P 0.001 0.001 0.010

LDL cholesterol (per unit)
HR (95% CI) 1.11(0.80 to 1.40) 1.10(0.80 to 1.40) 1.10(0.80 to 1.30)
P 0.600 0.600 0.300

Triglycerides (per unit)
HR (95% CI) 1.38(1.10 to 1.80) 1.29(1.00 to 1.50) 1.08(0.70 to 1.40)
P 0.001 0.010 0.300

HbA1c (per unit)
HR (95% CI) 1.42(1.20 to 3.00) 1.40(1.10 to 2.90) 1.31(1.00 to 1.90)
P 0.001 0.001 0.050

Diabetes duration (per year)
HR (95% CI) 1.19(1.20 to 2.40) 1.18(1.20 to 2.40) 1.20(1.20 to 2.60)
P 0.001 0.001 0.001

Microalbuminuria (yes versus no)
HR (95% CI) 1.88(1.40 to 2.90) 1.86(1.40 to 2.90) 1.73(1.10 to 2.60)
P 0.001 0.001 0.010

eGFR (per unit)
HR (95% CI) 0.67(0.50 to 0.90) 0.69(0.50 to 0.90) 0.72(0.50 to 0.90)
P 0.001 0.001 0.001

ALT (per unit)
HR (95% CI) 1.34(1.10 to 2.10) 1.31(1.00 to 1.80) 1.15(0.80 to 1.40)
P 0.001 0.010 0.500

Insulin treatment (yes versus no)
HR (95% CI) 1.59(1.20 to 2.60) 1.52(1.20 to 2.50) 1.22(0.90 to 2.00)
P 0.001 0.400 0.200

Antihypertensive treatment (yes versus no)
HR (95% CI) 1.99(1.40 to 2.90) 1.97(1.40 to 2.90) 1.95(1.40 to 2.80)
P 0.001 0.001 0.001

Lipid-lowering treatment (yes versus no)
HR (95% CI) 1.12(0.80 to 1.80) 1.00(0.80 to 1.70) 1.00(0.70 to 1.40)
P 0.500 0.600 0.800

Antiplatelet treatment (yes versus no)
HR (95% CI) 1.18(0.90 to 1.60) 1.14(0.90 to 1.60) 1.00(0.80 to 1.30)
P 0.300 0.500 0.800

aData are HR (95% CI) by Cox regression analysis. Multivariate model 1: Adjusted for age and gender. Multivariate model 2: Further adjusted for BMI, waist
circumference, SBP, diabetes duration, HbA1c, baseline eGFR, microalbuminuria, LDL cholesterol, triglycerides, smoking history, and current use of medications
(hypoglycemic, lipid-lowering, antihypertensive, or antiplatelet drugs).
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NAFLD during ultrasound examination should alert clinicians
to the coexistence of other chronic diabetic complications (in-
cluding CKD and CVD) warranting evaluation and treatment
as much as the risk for advancing liver disease. Thus, identify-
ing people with NAFLD would highlight a subgroup of indi-
viduals who have type 2 diabetes and should be targeted with
more intensive therapy to decrease the risk for developing
CKD and CVD events.

Our study has several strengths, including the large number
of participants, the complete nature of the data set, the ability
to adjust for multiple potential confounders, and the ultra-
sound diagnosis of NAFLD for all participants. In addition,
our patients were free of diagnosed CVD and cirrhosis (thus
excluding also patients with hepatorenal syndrome); the eval-
uation of patients with such complications would almost cer-
tainly have confounded interpretation of the data.

Despite the comprehensive nature of the data set, there are
some limitations to our study. First, we used an eGFR instead
of a directly measured GFR to define CKD. A recent review
reported that current GFR estimates had greater inaccuracy in
populations without known CKD than in those with the dis-
ease.32 Nonetheless, current GFR estimates facilitate the detec-
tion, evaluation, and management of CKD, and many organi-
zations recommend the use of equations that estimate GFR for
the evaluation of renal function in large epidemiologic studies
and in clinical practice.32,33 Second, NAFLD diagnosis was
based on ultrasound imaging and exclusion of other, second-
ary causes of chronic liver disease but was not confirmed by
liver biopsy. It is known that none of the radiologic features can
distinguish between nonalcoholic steatohepatitis and other
forms of NAFLD and that only liver biopsy can assess the se-
verity of damage and the prognosis7–9,15; however, liver biopsy
would be impossible to perform routinely in a large epidemi-
ologic study. Moreover, liver ultrasonography is by far the
most common way of diagnosing NAFLD in clinical practice.
It has a sensitivity of 89% and a specificity of 95% in detecting
moderate and severe steatosis,7–9 but this sensitivity is reduced
when hepatic fat infiltration upon liver biopsy is �33%.34 Thus,
although some nondifferential misclassification of NAFLD on the
basis of ultrasonography is likely (some of the control subjects
could have underlying NAFLD, despite normal serum liver
enzymes and a negative ultrasonography), this limitation
would serve to attenuate the magnitude of our effect measures
toward null; thus, our results can probably be considered as
conservative estimates of the relationship between NAFLD and
CKD risk. Finally, whether these observations can also be ex-
tended to nonwhite ethnic groups remains to be determined.

Because liver biopsies were not available in this study, we
cannot exclude the possibility of a differential relationship be-
tween histologic severity of NAFLD and CKD risk. Recent in-
direct evidence substantiates this possibility, showing a strong,
graded relationship between carotid atherosclerosis and the
severity of NAFLD histology35 and a significant increase in car-
diovascular mortality, particularly in patients with nonalco-
holic steatohepatitis.36,37

It is not known whether improving NAFLD will ultimately
prevent the progression of CKD; however, it is notable that
interventions that are known to be effective in preventing or
delaying the progression of CKD in type 2 diabetes, including
weight reduction,38 – 40 and treatments with angiotensin recep-
tor blockers (losartan)41 or insulin-sensitizing agents (glita-
zones or metformin),20,42– 44 may possibly improve NAFLD.

In conclusion, this large prospective study suggests that
NAFLD is associated with an increased incidence of CKD in
individuals with type 2 diabetes independent of a large number
of baseline confounding factors. Further prospective studies
are required to confirm the reproducibility of these results.

CONCISE METHODS
Study participants were recruited from the Valpolicella Heart Diabe-

tes Study cohort, a prospective observational study designed primar-

ily to evaluate associations between type 2 diabetes and incidence of

chronic vascular complications.13,14 Details on the study design and

recruitment methods are summarized in Figure 1. Briefly, we enrolled

all of the outpatients who had type 2 diabetes and regularly attended

our adult diabetes clinic in the period January to December 2000 after

excluding (1) patients with secondary causes of chronic liver disease

(e.g., alcohol abuse, viral hepatitis, medications) as ascertained by

patient history and blood testing and imaging; (2) those who had a

history of malignancy and CVD (e.g., angina, myocardial infarction,

ischemic stroke, symptomatic peripheral artery disease, coronary/pe-

ripheral revascularization procedures); and (3) those who had overt

proteinuria, had eGFR �60 ml/min per 1.73 m2, or were receiving

medical treatment for current kidney disease at the time of their initial

examinations.

Ultimately, 1760 adults with type 2 diabetes (approximately 56%

of the whole sample of patients who attended our clinic) were in-

cluded in this analysis and were observed for the development of

incident CKD during a follow-up of 6.5 yr (through December 31,

2006; range 7 to 79 mo). All participants were periodically seen (every

3 to 6 mo) for routine medical examinations of glycemic control and

chronic complications of diabetes. All participants gave their in-

formed consent. The local ethics committee approved the study pro-

tocol.

At baseline, BMI was calculated by dividing weight in kilograms

(measured to the nearest 1 kg with the patient unclothed) by height

(measured with a fixed stadiometer) in meters squared. Waist cir-

cumference was measured at the level of the umbilicus. BP was as-

sessed in triplicate with a standard mercury manometer. Information

on daily alcohol consumption, smoking status, and use of medica-

tions was obtained from all participants by questionnaire.13 Most par-

ticipants were abstainers (78%) or drank minimally (alcohol con-

sumption �20 g/d; 12% of total); only approximately 10% of

participants drank moderately (from 20 to 60 g/d).

Venous blood was drawn in the morning after an overnight fast.

Serum liver enzymes, lipids, creatinine, and other biochemical blood

measurements were determined by automatic colorimetric methods

(DAX 96; Bayer Diagnostics, Milan, Italy). Most participants had se-

rum liver enzymes within the reference ranges in our laboratory,

CLINICAL EPIDEMIOLOGYwww.jasn.org

J Am Soc Nephrol ●● : –, 2008 NAFLD and CKD Risk in Type 2 Diabetes 5



which for aminotransferases were 10 to 35 U/L for women and 10 to

50 U/L for men. No participants had seropositivity for viral hepatitis B

and C. LDL cholesterol was calculated by Friedewald’s formula.

HbA1c was measured using an HPLC analyzer (HA-8140; Menarini

Diagnostics, Florence, Italy). Kidney function was estimated using the

simplified Modification of Diet in Renal Disease (MDRD) Study

equation that is defined as eGFR � 186.3 � (serum creati-

nine�1.154) � (age�0.203) � 1.212 (if black) � 0.742 (if female).32,33

Urinary albumin excretion rate was measured from an early morning

urine sample as the albumin-to-creatinine ratio by an immunoneph-

elometric method; microalbuminuria and macroalbuminuria (overt

proteinuria) were present when urinary albumin excretion was 30 to

299 �g/mg creatinine and �300 �g/mg creatinine, respectively.45 For

this study, CKD was defined as eGFR �60 ml/min per 1.73 m2 and/or

overt proteinuria.32,33 Both of these outcome measures were con-

firmed for all participants on a least two consecutive occasions and

then periodically repeated during follow-up. Liver function tests were

not systematically repeated for the whole cohort of participants to

ascertain the development/progression of liver disease.

Hepatic ultrasonography scanning was performed on all partici-

pants by an experienced radiologist, who was blinded to participants’

details. Diagnosis of hepatic steatosis was made on the basis of char-

acteristic sonographic features: evidence of diffuse hyperechogenicity

of liver relative to kidneys, ultrasound beam attenuation, and poor

visualization of intrahepatic structures.7–9,12–14 The intraobserver

variability for the ultrasound diagnosis of steatosis was within 3%.46

Data are means � SD unless otherwise indicated. Skewed variables

(serum triglycerides) were logarithmically transformed to improve

normality before analysis. The unpaired t test and the �2 test with

Yates correction for continuity were used to analyze the differences

among the characteristics of the participants at the time of enrollment

in relation to their future development of CKD. Event curves by

NAFLD status are based on Kaplan-Meier analysis. We also used the

Cox proportional-hazards model to calculate the adjusted hazard ra-

tios (HR) in the model for CKD. For prediction of incident CKD, men

and women were combined and first-order interaction terms for gen-

der-by-NAFLD interactions on risk for CKD were examined. Because

the interactions were not statistically significant, a gender-pooled

multivariate Cox regression analysis was used. In the fully adjusted

regression model, gender, age, BMI, waist circumference, SBP, diabe-

tes duration, HbA1c, LDL cholesterol, triglycerides, baseline eGFR,

microalbuminuria, smoking, and medications use were included as

baseline covariates. P � 0.05 was considered statistically significant.
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