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Associations of ABC (Hemoglobin A1c, Blood Pressure and 
Low-Density Lipoprotein Cholesterol) Goal Achievement 
With Chronic Kidney Disease in Type 2 Diabetic Patients 

With Preserved Kidney Function
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Abstract

Background: We investigated cross-sectional and prospective asso-
ciations of ABC (hemoglobin A1c (HbA1c), blood pressure and low-
density lipoprotein cholesterol) goal attainment with chronic kidney 
disease. Cross-sectional association with carotid intima-media thick-
ness (IMT) was evaluated as well.

Methods: Prevalence of low estimated glomerular filtration rate 
(eGFR < 60 mL/min/1.73 m2) and albuminuria (urinary albumin-to-
creatinine ratio (ACR) ≥ 30 mg/g) were assessed at baseline and after 
a median follow-up of 6.0 years in 168 patients with type 2 diabetes 
with preserved kidney function (aged 62.3 years, 53.6% men). Ca-
rotid IMT was measured at baseline only.

Results: At baseline, 47 (28.0%), 45 (26.8%), 63 (37.5%) and 13 
(7.7%) patients achieved triple-goal, dual-goal, single-goal and no-
goal, respectively. Achieving more ABC targets was associated with 
lower log ACR (P < 0.01), lower percentage of albuminuria (P = 
0.02), and lower carotid IMT (P < 0.01) at baseline. Over 6.0 years, 
eGFR decreased from 76 ± 16 to 67 ± 18 mL/min/1.73 m2 (P < 0.01) 
whereas ACR levels did not change. There were 32 patients with in-

cident reduced eGFR, eight with GFR stage progression, 15 with pro-
gression of albuminuric stages and five with doubling of ACR within 
the microalbuminuric range. Achieving more ABC targets decreased 
the percentage of deterioration of GFR stages (30.8%, 28.6%, 24.4% 
and 14.9%, respectively, P = 0.01). Achieving two or more (8.9% and 
8.5%, respectively) compared with one or less ABC targets (15.4% 
and 15.9%, respectively) was associated with less deterioration of al-
buminuria (P < 0.001). Although achieving more ABC targets was 
associated with lower annual decline in eGFR, the difference was not 
significant.

Conclusions: ABC goal achievement has shown cross-sectional and 
prospective associations with deterioration of chronic kidney disease 
in type 2 diabetic patients with preserved kidney function. Cross-sec-
tional association with carotid IMT has been demonstrated as well. 
Reaching more ABC treatment targets may be important for prevent-
ing adverse renal outcomes.

Keywords: HbA1c; Blood pressure; LDL cholesterol; Albuminuria; 
Glomerular filtration rate

Introduction

The major objectives of diabetes management are to prevent 
development or progression of diabetic complications and dis-
ease conditions associated with diabetes, and to enable affected 
individuals to maintain their quality of life and life expectancy 
comparable to those seen in healthy individuals [1]. Intensive 
control for hemoglobin A1c (HbA1c), blood pressure (BP), 
and low-density lipoprotein cholesterol (LDL-C) have been 
shown to reduce cardiovascular disease (CVD) and death [2-
4]. Japan Diabetes Society guidelines recommend that adults 
with diabetes maintain HbA1c < 7%, systolic and diastolic BP 
< 130/80 mm Hg and LDL-C < 120 mg/dL [1], known as the 
ABC diabetes control. American Diabetes Association guide-
lines defined somewhat different ABC targets (HbA1c < 7.0%, 
BP < 140/90 mm Hg, and LDL-C < 100 mg/dL) [5].

Chronic kidney disease (CKD) in diabetes is defined as 
elevated urinary albumin-to-creatinine ratio (ACR, ≥ 30 mg/g) 
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and/or low estimated glomerular filtration rate (eGFR, < 60 
mL/min/1.73 m2) [6, 7]. It is well recognized that patients 
with decreased GFR are at a greater risk for incident CVD 
and cardiovascular death. Type 2 diabetic patients with mi-
croalbuminuria or more advanced CKD are at extremely high 
risk of CVD and end-stage renal disease. Recently, the Trial 
to Reduce Cardiovascular Events with Aranesp Therapy has 
demonstrated that in type 2 diabetic patients with CKD and 
anemia, history of coronary artery disease was associated with 
progression to dialysis [8]. Thus, “there is a bidirectional rela-
tionship between reduced GFR and CVD, and the magnitude 
of the problem is underappreciated” [9]. Japanese Society of 
Nephrology recommended the same ABC targets as Japan Di-
abetes Society guidelines in “Clinical Practice Guidebook for 
Diagnosis and Treatment of Chronic Kidney Disease in 2012” 
[10]. However, studies which evaluate associations between 
ABC goal achievement and CKD in diabetes are limited. In the 
present study, therefore, we investigated cross-sectional and 
prospective associations of ABC goal attainment with CKD in 
patients with type 2 diabetes with preserved kidney function. 
Cross-sectional association with carotid intima-media thick-
ness (IMT), a surrogate marker of subclinical atherosclerosis 
[11], was evaluated as well.

Patients and Methods

We studied 168 patients with type 2 diabetes (aged 62.3 years, 
53.6% men), whose details have been reported elsewhere [12]. 
They had been regularly (once a month) attending the clinic in 
2004 and 2005. They were enrolled at the first visit in 2005 and 
followed up for the subsequent at least 24 months through De-
cember 31, 2012 to assess kidney function with a median fol-
low-up of 6.0 years (interquartile range: 4.1 - 6.5 years). Data 
on age, duration of diabetes and drugs currently being taken 
were collected at the entry of the study. We excluded patients 
with serum creatinine ≥ 2.0 mg/dL, with hepatitis B surface 
antigen or antibodies against hepatitis C virus, and with aspar-
tate aminotransferase and alanine aminotransferase of 100 U/L 
or greater. Study protocol was consistent with the Japanese 
Government’s Ethical Guidelines Regarding Epidemiological 
Studies in accordance with the Declaration of Helsinki.

Waist circumference, weight and BP were measured by 
registered nurses on each monthly visit. As previously reported 
in detail [12-14], blood was withdrawn on two occasions; at 2 
h after breakfast taken at home and after an overnight fasting 
in 153 patients (91%). This was done every other month. In the 
remaining 15 patients, blood was withdrawn after an overnight 
fasting. Plasma glucose (PG), serum total cholesterol, triglyc-
erides, high-density lipoprotein cholesterol (HDL-C) and uric 
acid were measured by standard methods using an autoanalyz-
er. HbA1C values were determined by high performance liquid 
chromatography. LDL-C was calculated by Friedewald’s for-
mula using lipid levels obtained in blood samples taken after 
an overnight fasting.

Intrapersonal means of body mass index (BMI), waist cir-
cumference, systolic and diastolic BP, HbA1c, serum choles-
terol and HDL-C were calculated based on 12 measurements 
in 168 patients. Intrapersonal means of LDL-C were calculated 

based on six measurements in 153 patients and 12 measure-
ments in the remaining 15 patients. Mean levels of HbA1c, 
systolic and diastolic BP and LDL-C based on 6 - 12 meas-
urements over a 12-month period were used to evaluate goal 
achievement of ABC.

Urinary albumin was measured in 161 patients [13] at the 
entry and the end of the observation time period using a tur-
bidimetric immunoassay in random urine samples. Normoal-
buminuria, microalbuminuria and macroalbuminuria were 
defined as ACR < 30 mg/g, ACR between 30 and 299 mg/g 
and ACR ≥ 300 mg/g, respectively [5, 6]. Progression of albu-
minuria stages and doubling of ACR within the microalbumi-
nuric range were defined as deterioration of albuminuria.

Serum and urinary creatinine were measured enzymatically 
and eGFR was determined using the equation recommended by 
the Japanese Society for Nephrology [15]. Patients were staged 
according to the level of eGFR in mL/min/1.73 m2; G1: > 90, 
G2: 60 - 89, G3a: 45 - 59, G3b: 30 - 44, G4: 15 - 29 [6]. CKD in 
diabetes is defined as albuminuria (ACR ≥ 30 mg/g) and/or low 
eGFR (< 60 mL/min/1.73 m2) [6, 7]. Incident reduced eGFR 
was defined as eGFR < 60 mL/min/1.73 m2 in participants with 
an eGFR > 60 mL/min/1.73 m2 at baseline. Annual changes in 
eGFR were estimated using linear regression with a median of 
52 creatinine measurements (interquartile range: 31 - 60) over 
6.0 years of follow-up in each patient [11, 12].

Carotid IMT was measured in 162 patients at baseline as 
previously described [16]. This was done by carotid artery ul-
trasonography (Shimadzu SDU-2200, Shimadzu, Tokyo, Ja-
pan). Carotid IMT was evaluated by maximum and average 
evaluations. The former was obtained by the IMT value at a 
maximal point of the region. The latter is the average value 
of 250 computer-based points in the region. Mean values of 
the right and left maximum IMT and mean IMT were used for 
statistical analysis.

Data were presented as mean ± standard error (SE) unless 
otherwise stated. Associations of continuous variables and fre-
quencies of conditions with the number of ABC goals attained 
and P trend were derived using Jonckheere-Terpstra test and 
Cochran-Armitage trend analysis, respectively. A two-tailed P 
< 0.05 was considered statistically significant. All calculations 
were performed with SPSS system 15.0 (SPSS Inc., Chicago, 
IL).

Results

Patients’ characteristics

Among 168 patients, 115 (68.5%) were on oral anti-diabetes 
drugs or insulin, and 87 patients (51.5%) were on BP-lowering 
drugs [12-14]. Sixty-three patients (37.3%) received statin or 
ezetimibe while only 12 (7.1%) and 11 patients (6.5%) received 
fibrates and allopurinol, respectively. Their mean HbA1C, BP 
and LDL-C were 7.0%, 128/72 mm Hg, and 111 mg/dL, re-
spectively. The prevalence of meeting ABC goal were 54.8% 
(n = 92), 54.2% (n = 91) and 66.1% (n = 111), respectively.

Of 168 patients, 47 (28.0%) achieved triple-goal while 13 
(7.7%) achieved no-goal (Table 1). Dual-goal and single-goal 
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attainment was found in 45 (26.8%) and 63 patients (37.5%), 
respectively. The proportion of men was higher in single- and 
dual-goal compared with no-goal and triple-goal achievers. 
Triple-goal compared with no-goal achievers had shorter dia-
betes duration and lower percentage of users of insulin and 
BP-lowering drugs. The proportion of men was highest in 
dual-goal achievers, followed by single- and then triple-goal 
achievers and then lowest in no-goal achievers. However, 
four groups did not differ in age, anthropometric indices and 
the proportion of users of oral anti-diabetes drugs, statin or 
ezetimibe and fibrates and smokers.

As the number of goals attained decreased, HDL-C de-
creased while fasting triglyceride and uric acid did not change 

(Table 2). At baseline, eGFR averaged 76 ± 1 mL/min/1.73 m2, 
and 27 of 168 patients (16.0%) had reduced eGFR. Microalbu-
minuria and macroalbuminuria were found in 45 (26.8%), and 
seven patients (4.2%), respectively, at baseline.

Cross-sectional study

At baseline, achieving more goals was associated with lower 
log ACR and lower percentage of albuminuria (ACR ≥ 30 
mg/g) (Fig. 1). However, there was no difference in eGFR 
and the percentage of patients with reduced eGFR among four 
groups (Table 2). Achieving more goals was also associated 

Table 1.  Anthropometric and Clinical Characteristics of Patients at Baseline According to the Number of Goal Achievement

Triple-goal achievers  
(n = 47)

Dual-goal achievers  
(n = 45)

Single-goal achievers  
(n = 63)

No-goal achievers  
(n = 13) P values

Male sex, n (%) 20 (42.6%) 30 (66.7%) 35 (55.6%) 5 (38.5%) 0.08
Smokers, n (%) 12 (25.5%) 18 (40.0%) 24 (38.1%) 4 (30.8%) 0.29
Age (years) 62.1 ± 1.5 62.6 ± 1.3 62.1 ± 1.4 63.8 ± 2.9 0.95
BMI (kg/m2) 23.8 ± 0.5 23.9 ± 0.6 24.6 ± 0.5 25.0 ± 0.5 0.53
Waist circumference (cm) 85.9 ± 1.4 85.0 ± 1.2 88.7 ± 1.5 88.4 ± 1.5 0.22
Diabetes duration (years) 7.4 ± 0.7 12.2 ± 1.2 9.6 ± 0.9 12.1 ± 2.3 0.01
Diabetes therapy, n (%)
  Diet/exercise 19 (40.4%) 15 (33.3%) 18 (29%) 1 (7.7%) 0.26
  OHA 24 (51.1%) 22 (48.9%) 32 (50.8%) 7 (53.8%) 0.99
  Insulin 4 (8.5%) 8 (17.8%) 13 (20.6%) 5 (38.5%) < 0.001
  Users of RASi 17 (36.2%) 17 (37.8%) 27 (42.9%) 9 (69.2%) 0.17

Mean ± SE or n (%). SE: standard error; OHA: oral anti-diabetes drugs; RASi: renin-angiotensin-aldosterone system inhibitors; BMI: body mass 
index.

Table 2.  Glycemic, Lipids and Blood Pressure Control and Kidney Function of Patients at Baseline According to the Number of Goal 
Achievement

Triple-goal achievers Dual-goal achievers Single-goal achievers No-goal achievers P values
Fasting PG (mg/dL) 112 ± 2 125 ± 3 132 ± 3 141 ± 5 < 0.001
HbA1c (%) 6.4 ± 0.1 7 ± 0.1 7.4 ± 0.1 7.6 ± 0.1 < 0.001
Cholesterol (mg/dL) 179 ± 3 187 ± 3 194 ± 3 198 ± 4 < 0.001
HDL cholesterol (mg/dL) 59 ± 2 59 ± 3 52 ± 2 48 ± 3 0.013
LDLC cholesterol (mg/dL) 100 ± 2 107 ± 3 119 ± 3 128 ± 5 < 0.001
Fasting TG (mg/dL) 105 ± 7 109 ± 7 123 ± 7 128 ± 13 0.19
Uric acid (mg/dL) 5.1 ± 0.2 5.5 ± 0.2 5.1 ± 0.2 4.6 ± 0.2 0.19
Systolic BP (mm Hg) 121 ± 1 127 ± 2 133 ± 1 139 ± 3 < 0.001
Diastolic BP (mm Hg) 70 ± 1 72 ± 1 74 ± 1 75 ± 2 0.005
Creatinine 0.72 ± 0.02 0.82 ± 0.04 0.73 ± 0.02 0.72 ± 0.04 0.06
eGFR (mL/min/1.73 m2) 75 ± 2 74 ± 3 78 ± 2 76 ± 5 0.69
ΔeGFR (mL/min/1.73 m2/year) -0.70 ± 0.46 -1.13 ± 0.45 -1.18 ± 0.40 -2.10 ± 0.90 0.54
Reduced GFR (n (%)) 7 (14.9%) 9 (20.0%) 8 (12.7%) 2 (15.4%) 0.78

Mean ± SE or n (%). SE: standard error; PG: plasma glucose; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride: BP: blood pressure; eGFR: 
estimated glomerular filtration rate; ΔeGFR: annual changes in eGFR.
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with a stepwise decrease in maximum carotid IMT as well as 
mean carotid IMT (Fig. 2).

Prospective study

After a median follow-up of 6.0 years, eGFR decreased from 
76 ± 1 to 67 ± 1 mL/min/1.73 m2 (P < 0.01) with an annual 
decline of 1.11 ± 0.23 mL/min/1.73 m2. Although an annual 
decline of eGFR increased with a decreasing number of goals 
attained, differences were not significant (Table 2). Incident re-
duced eGFR and progression of GFR stages occurred in 32 and 
eight patients, respectively. The percentage of patients with de-
terioration of GFR stages was increased in a stepwise fashion 
with decreasing numbers of goal achievement (Fig. 3).

There was no difference in ACR levels between at base-

line and after a 6-year follow-up (84 ± 25 and 87 ± 26 mg/g, 
respectively). Progression of albuminuria stages and doubling 
of ACR within the microalbuminuric range occurred in 15 and 
five patients, respectively, among 161 patients. Attainment of 
two or more targets at baseline was associated with benefits 
on reducing deterioration of albuminuric stages compared with 
those with one or less target achieved (Fig. 4).

Discussion

The present study has shown in a real-life situation that ABC 
achievement was associated cross-sectionally and prospective-
ly with renal complications in type 2 diabetic patients with pre-
served kidney function. Cross-sectional association between 
ABC achievement and carotid IMT, a surrogate marker of sub-

Figure 1. Mean (± SE) log urinary ACR and the percentage of patients with albuminuria (ACR ≥ 30 mg/g) at baseline according 
to the number of ABC (HbA1c, blood pressure and LDL-C) goal achievement. Among 168 patients with type 2 diabetes, 47, 45, 
63 and 13 patients achieved triple-goal, dual-goal, single-goal and no-goal, respectively, at baseline. SE: standard error; ACR: 
albumin-to-creatinine ratio; HbA1c: hemoglobin A1c; LDL-C: low-density lipoprotein cholesterol.

Figure 2. Maximum and mean carotid IMT at baseline according to the number of ABC (HbA1c, blood pressure and LDL-C) goal 
achievement (mean ± SE). See Figure 1 for the number of patients in each goal achievers. IMT: intima-media thickness; HbA1c: 
hemoglobin A1c; LDL-C: low-density lipoprotein cholesterol; SE: standard error.



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org822

ABC Goal Achievement and CKD J Clin Med Res. 2019;11(12):818-824

clinical atherosclerosis [11], at baseline in the current study 
may be in line with previous studies that ABC goal achieve-
ment was associated with macrovascular complications in type 
2 diabetes patient [17-23].

Despite guidelines recommending multi-factorial treat-
ment of cardiometabolic risk factors [1, 5, 10], studies which 
evaluate association between ABC goal achievement and mi-
crovascular complications in diabetes in a real-life situation 
are limited. Associations of ABC achievement with log ACR 
and the percentage of patients with albuminuria (ACR ≥ 30 
mg/g) at baseline in the present study appear to be consistent 
with cross-sectional and retrospective studies that triple-goal 
achievement was associated with better microvascular compli-
cations in patients with type 2 diabetes [22, 23].

Chan et al [24] compared effects of structured versus usu-
al care on death and/or end-stage renal disease for 2 years in 
type 2 diabetes who had plasma creatinine levels of 150 - 350 
µmol/L (1.70 - 4.00 mg/dL). Treatment goals included ABC, 
triglycerides < 2 mmol/L, and persistent treatment with renin-
angiotensin blockers. Attainment of ≥ 3 treatment goals rather 
than structured care reduced end-stage renal disease and death. 
In the Coronary Artery Calcification in Type 1 Diabetes Study 
[25], 652 participants were 19 - 56 years old at baseline and re-
examined 6-years later. Microvascular complications included 
incident albuminuria or rapid GFR decline (> 3.3%/year) and 
laser eye-therapy. Macrovascular complications were defined 
as coronary artery calcium progression, measured by electron-
beam computed-tomography. ABC achievement at baseline 
strongly predicted microvascular but not macrovascular com-
plications over 6 years [25]. In the present study on type 2 dia-
betes patients with preserved kidney function, ABC achieve-
ment at baseline predicted deterioration of albuminuria and 
GFR stages over 6 years in a real-life situation.

The strength of the current study is that mean levels of 
ABC used for the evaluation of goal achievement were those 
of 6 - 12 measurements within a 12-month period. In addi-
tion, decreased GFR was diagnosed based on 2 - 4 creatinine 

measurements over a period of 3 months or longer not only at 
the entry of, but at the end of the observation. Further, as previ-
ously described in detail [12, 13], serum creatinine and hence 
eGFR during follow-up period were much more frequently 
measured. This could contribute to the reliability of changes 
in kidney function. Major limitations are that number of study 
participants was small and that the study was from a single 
clinic in Japan. However, our study participants had similar 
characteristics to those reported in a previous large-scale study 
in Japan [26]. We did not use precise measures of kidney func-
tion, like iothalamate clearance. In addition, we studied Japa-
nese only, which limits the generalizability. Finally, the sample 
size and the number of CKD-related incidents occurred in the 
present study seem to be small to lead a robust conclusion al-
though statistical power was not calculated.

Conclusions

ABC goal achievement prospectively predicted deterioration 
of CKD in type 2 diabetic patients with preserved kidney func-
tion in a real-life situation. Cross-sectional association with 
carotid IMT has been demonstrated as well. These data high-
light the importance of achieving more ABC goals to prevent 
deterioration of CKD. Further studies are needed to confirm 
the association in other ethnic groups with more patients.
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