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Background: Vascular calcification contributes to cardiovascular disease in hemodialysis (HD) 

patients with diabetes. The randomized controlled trial reported here compared the effects of lanthanum 

carbonate (LC) and calcium carbonate (CC) on vascular stiffness assessed using brachial-ankle pulse 

wave velocity (ba-PWV), intima-media thickness (IMT), bone mineral density (BMD), and serum 

markers of chronic kidney disease – mineral and bone disorder in such patients.

Methods: Ba-PWV, IMT, BMD, and the biomarkers osteocalcin (OC) and bone alkaline 

phosphatase (BAP) were examined in 43 type 2 diabetes HD patients treated with LC (n=21) 

or CC (n=22) for 2 years.

Results: Forty-one patients completed the study (19, LC; 22, CC). The mean ba-PWV signifi-

cantly increased only in the CC group (median: 2,280.5 to 2,402.5 cm/s, P,0.05), after 24-month 

treatment; it remained unchanged in the LC group (median: 1,830.5 to 2,018.3 cm/s). However, 

the difference between the groups did not reach statistical significance. Changes in IMT and 

BMD were not different between the two groups. Changes in serum phosphorus, corrected 

calcium, and intact parathyroid hormone levels were similar between the groups. The incidence 

of fracture was 0% (0/19) in the LC group, and 13.6% (3/22) in the CC group (P=0.2478). The 

OC/BAP ratio increased significantly in the LC group (median: 0.83 to 2.47), compared with 

in the CC group (median: 0.77 to 1.40) (P=0.036).

Conclusion: From this study, in Japanese type 2 diabetes HD patients, we conclude that 2-year 

treatment with LC might have slowed the progression of ba-PWV; however, it did not cause a 

difference in ba-PWV, IMT, BMD, or fracture, compared with CC. Further, LC increased the 

OC/BAP ratio to a greater extent than CC.

Keywords: hemodialysis, diabetes, randomized controlled trial, lanthanum carbonate, vascular 

stiffness

Background
Vascular calcification is a contributor to cardiovascular disease (CVD), and patients 

under hemodialysis (HD) have a much higher odds ratio of 6.22 for any event.1 CVD 

is a leading cause of mortality among HD patients.2 Pulse wave velocity (PWV) and 

intima-media thickness (IMT) are typical, noninvasively measured parameters used 

to screen HD patients at high risk for CVD. High brachial-ankle (ba)-PWV has been 

demonstrated to predict the presence of CVD, comparable to the aortic PWV, in the 

general population. High ba-PWV is an independent determinant of carotid atheroscle-

rosis and diastolic left ventricular dysfunction in HD patients.3 Ba-PWV or IMT data 

suggest that a patient requiring HD has a vascular age that is 20 years older than their 
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chronological age.4 Further, the risk of cardiovascular events 

is high in patients with high ba-PWV or IMT.4 In end-stage 

renal disease, ba-PWV and IMT values are as high as those 

in chronic maintenance HD patients.5 Therefore, preventing 

atherosclerosis becomes important, even in the early stages of 

renal failure, and includes the management of calcium (Ca) 

and phosphorus (P) levels.

Ca and P metabolism abnormalities induce vascular 

calcification and may be risk factors for cardiovascular 

events in HD patients. In particular, hyperphosphatemia is 

reported to be closely associated with vascular calcification 

in HD patients.6 Further, compared with nondiabetic HD 

patients, those with diabetes mellitus (DM) are at high risk 

of developing vascular calcification, because of persistent 

hyperglycemia.7 Improving and maintaining appropriate 

P levels in HD patients also impacts patient mortality; 

prognosis can be improved by preventing the development 

of vascular calcification.7 Correcting mineral metabolism 

abnormalities is the only means of achieving this goal. The 

basic treatment involves hyperphosphatemia correction. 

Conventionally, calcium-based P binders (mainly calcium 

carbonate [CC]) are used to treat hyperphosphatemia in 

chronic kidney disease (CKD) patients. However, since these 

agents contain Ca, the Ca load in the intestine increases. 

Thus, ironically, CC may aggravate vascular calcification 

and hypercalcemia.7 This drawback can be overcome by 

administering sevelamer hydrochloride or lanthanum 

carbonate (LC) instead of CC.8

We previously reported that, compared with CC (primary 

outcome), LC administration, for up to 12 months, to HD 

patients with nonsevere aortic calcifications could better 

suppress the development of aortic calcif ications, as 

determined using abdominal computed tomography scans.9 

In the study reported here, we examined ba-PWV, IMT, bone 

mineral density (BMD), and serum markers of CKD-mineral 

and bone disorder (MBD) during LC or CC treatment over 

24 months. The study aimed to compare the effects of LC 

and CC on these parameters.

Methods
Subjects
Between September 1 and November 30, 2010, 43 patients 

who met the study’s inclusion criteria were recruited from 

the Nippon Kokan Fukuyama Hospital Dialysis Center. The 

patient inclusion criteria were .20 years of age; type 2 DM 

(diagnosed according to the Japan Diabetes Society guidelines) 

with optimized, stable glycemic control for at least 3 months; 

HD treatment for at least 6 months; and a dialysis period of 

less than 5 years. The exclusion criteria included any significant 

gastrointestinal disorders, high risk of bleeding, elevated 

serum transaminase levels (.3 times the normal upper limits 

for aspartate aminotransferase or alanine aminotransferase), 

hypocalcemia (adjusted serum Ca level ,7.5 mg/dL), severe 

cardiovascular complications, poorly controlled DM or hyper-

tension, and contraindications for LC or CC therapy. Patients 

deemed inappropriate for this study were excluded by the 

investigators, including those receiving extended duration 

or nighttime HD, scheduled for parathyroidectomy, having 

undergone renal transplant within 6 months of enrollment, or 

having a life expectancy of ,3 months.

Written informed consent was obtained from all subjects. 

The study protocol was approved by the institutional ethics 

committee of the Nippon Kokan Fukuyama Hospital (Insti-

tutional Review Board approval number, 2010-01) and was 

conducted in compliance with the Declaration of Helsinki 

and the Committee on Human Research (University Hospital 

Medication Information Network Clinical Trial Registry 

ID 000004633; for 1 year). The study spanned 2 years, 

although computed tomography scans were conducted only 

at baseline and at the 1-year follow-up. For a study period 

of 13–24 months, written informed consent to extend the 

study was reobtained from all subjects, and continuation of 

the study protocol was approved by the institutional ethics 

committee of the hospital (IRB approval number 2011-01).

Study protocol
Patients were randomized at a ratio of approximately 1:1 to 

receive either LC (chewable 250 and 500 mg tablets of Fosre-

nol® [Bayer, Osaka, Japan]) or CC (500 mg tablets of Caltan® 

[Merkhoei-Fuso, Tokyo, Japan]), three times daily orally, 

with meals, for 24 months. During screening, patients were 

classified according to age, sex, glycated hemoglobin (HbA
1c

) 

levels (according to the National Glycohemoglobin Standard-

ization Program), and aortic calcification area index (ACI).9 

For randomized group allocation, dynamic allocation, using 

ACI and HbA
1c

 as regulators, was carried out using Microsoft® 

Access 2010 (Microsoft Corporation, Redmond, WA, USA). 

After screening, subjects underwent a 2-week washout, in 

which all P binders were withheld. Because of the size, appear-

ance, and taste of the tablets, the study was open label, and 

participants, investigators, and treating physicians were not 

blinded to the medication. However, outcome assessors were 

blinded to treatment allocation and patient demographics.

Subjects initially received either LC or CC, with dose 

titrations every 2 weeks for the first 6 weeks to achieve 

normalization of serum P (target: 4.5–5.5 mg/dL) and 
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corrected Ca levels (8.5–10.5 mg/dL). During the study, 

vitamin D analogs (calcitriol) were administered per 

usual care and optimal management of CKD-MBD. None 

of the subjects received cinacalcet or aluminum- and 

magnesium-based P binders. Target levels for serum markers 

of CKD-MBD were those recommended by the Japanese 

Society for Dialysis Therapy.

HD was performed using hollow-fiber dialyzers, such 

as cellulose triacetate and polysulfone, three times/week 

(4 hours/day). The same types of dialysis membranes and 

dialysate composition (Ca, 2.5 mEq/L) were used during 

the 2-year study. Safety was evaluated using adverse events 

and laboratory assessments. The target level of single-pool 

Kt/V was .1.4. Blood access in all the patients was via 

arteriovenous fistula in forearm (right or left).

For estimation of treatment adherence, the self-reported 

adherence score and the visual analog score were used to eval-

uate the subjects’ compliant behaviors in the last 4 weeks.

Geriatric Nutritional Risk Index score was calculated 

using a previously described formula.10

Laboratory methods
Serum samples were collected at baseline, prior to HD, from 

all patients at the start of the randomized controlled trial after 

the 2-week washout phase. Subsequently, samples were col-

lected 2, 4, and 6 weeks after the start of medication, and, 

thereafter, monthly blood tests were conducted according to 

the hospital protocol. We compared the levels of hemoglo-

bin (Hb), fasting plasma glucose, HbA
1c

, P, corrected Ca, 

magnesium (Mg), intact parathyroid hormone (int-PTH), 

albumin, total cholesterol, high-density lipoprotein choles-

terol, triglycerides, C-reactive protein (CRP), osteocalcin 

(OC), and bone alkaline phosphatase (BAP), at the various 

time points. Blood was analyzed using a JCA-BM6050™ 

auto-analyzer (JEOL, Tokyo, Japan). The total serum Ca 

level was adjusted according to albumin level as follows: 

corrected Ca = Ca + 0.8 × (4.4 – albumin) g/dL. Int-PTH 

levels were measured using an immunometric assay (ARCHI-

TECT i1000SR Immunoassay Analyzer; Abbott Laboratories, 

Abbott Park, IL, USA), as were OC levels (Mitsubishi Yuka 

BGP IRMA kit; LSI Medience Corporation, Tokyo, Japan) 

and BAP levels (Access Ostase®; Beckman Coulter, Brea, 

CA, USA).

Ba-PWV/IMT/BMD
To optimize reproducibility, all examinations were performed 

by the same technician using the same equipment under 

blinded conditions.

Ba-PWV
As described previously,11 ba-PWV was measured before 

the midweek dialysis cycle with the patient in the supine 

position, after resting for 10 minutes, using a PWV/ABI™ 

(Omron Colin, Tokyo, Japan). The assessment was conducted 

at baseline and after 12 and 24 months of treatment. This 

parameter was measured in both legs of each participant and 

expressed as a mean.

IMT
The IMT (maximum intima-media thickness [IMT-max] 

common carotid [IMT-Cmax], IMT-max bifurcation [IMT-

Bmax], and IMT-max internal carotid [IMT-Imax]) was 

measured at baseline and after 12 and 24 months of treatment, 

using an Aplio™ ultrasound system (Toshiba Corporation, 

Tokyo, Japan).

BMD
The lumbar spine BMD value (dual-energy X-ray absorp-

tiometry) was determined at baseline and after 12 and 

24 months of treatment, using a Discovery W QDR Series™ 

(Hologic Inc, Bedford, MA, USA).

Radiography
Lateral X-ray films of the thoracic and lumbar spines were 

captured at baseline and after 24 months of treatment. 

The anterior, central, and posterior heights of each of 

the 13 vertebral bodies from Th4 to L4 were measured. 

A vertebral fracture was diagnosed when at least one of the 

three height measurements along the length of the same 

vertebra had decreased by .20% compared with the height 

of the nearest uncompressed vertebral body.12 None of the 

participants had histories of serious falls or accidents.

Statistical analysis
Since this study was a pilot study, expected outcomes could 

not be predicted from previous results regarding changes in 

ba-PWV, IMT, BMD, and serum markers related to CKD-

MBD following LC administration to HD patients with 

DM.

Fisher’s exact test was used for categorical parameters 

and an unpaired t-test or Mann–Whitney rank-sum test for 

variable parameters. Bonferroni’s t-test was used for posthoc 

verification  after repeated-measures analysis of variance 

(ANOVA) or Friedman’s repeated-measures ANOVA on 

ranks for continuous parameters. Two-way repeated-measures 

ANOVA was used for comparisons between the LC and CC 

groups. For verification of ba-PWV, IMT, BMD, and serum 

markers related to CKD-MBD (OC, BAP, OC/BAP ratio), 
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Wilcoxon’s signed-rank test and the Mann–Whitney rank-sum 

test were used. For risk of fractures, Pearson’s chi-squared 

test with Yate’s continuity correction was used. All results are 

expressed as mean ± standard deviation or median (interquartile 

range); a P-value ,0.05 was considered statistically significant. 

All statistical analyses were performed using SigmaStat® for 

Windows (v 3.5; Systat Software, San Jose, CA, USA).

Results
Patient characteristics and outcomes
The baseline characteristics of the study patients are sum-

marized in Table 1. Forty-three patients (who completed the 

treatment regimens) were involved in this study, 21 in the LC 

group and 22 in the CC group. At the 24-month follow-up, 

41 patients remained in the trial (LC, n=19; CC, n=22); the 

two LC-arm patients died of sepsis within 1 year of starting 

the study. Hypercalcemia or cardiovascular events were not 

observed throughout the study. However, eight patients were 

hospitalized for bacterial pneumonia (LC, n= 2; CC, n= 2) or 

bacterial colitis (CC, n= 1) during the 24-month treatment 

period, and three patients experienced fractures between 

13 and 24 months of treatment (all in the CC arm; lumbar 

vertebral body, two; and left femoral neck, one). None of 

the patients discontinued the study medications because of 

adverse treatment effects or parathyroidectomy.

Significant between-group differences were not observed 

with respect to age; sex; duration of HD; duration of DM; 

single-pool Kt/V; body mass index; systolic blood pressure; 

diastolic blood pressure; concomitant drug usage; calcit-

riol dose; smoking history; levels of Hb, fasting plasma 

glucose, HbA
1c

, P, corrected Ca, Mg, int-PTH, albumin, 

total cholesterol, high-density lipoprotein cholesterol, 

triglycerides, CRP, OC, or BAP; or ba-PWV, IMT (IMT-

Cmax, IMT-Bmax, and IMT-Imax), or BMD. The plaque 

Table 1 Patient characteristics and laboratory parameters

Characteristic/Parameter Lanthanum carbonate Calcium carbonate P-value

Patients (n) 21 22
Sex (n; male:female) 16/5 19/3 0.3930
Age (years) 65.57±10.24 65.77±8.47 0.9440
HD duration (years) 5.13±4.28 5.26±3.72 0.9180
DM duration (years) 22.90±11.05 23.09±9.50 0.9520
Single-pool Kt/V 1.45±0.06 1.41±0.09 0.1780
BMI 21.1±2.4 21.7±2.1 0.5340
Systolic blood pressure (mmHg) 141.9±11.6 145.0±13.6 0.5090
Diastolic blood pressure (mmHg) 68.5±4.5 68.0±5.1 0.7610
ARB (n; yes/no) 6/15 8/14 0.7470
CCB (n; yes/no) 9/12 11/11 0.7630
Statin (n; yes/no) 1/20 4/18 0.3450
Intravenous calcitriol (n; yes/no) 7/14 11/11 0.3580
Smoking history (n; yes/no) 15/6 14/8 0.7470
Dose of intravenous calcitriol (μg/week) 0.00 (0.00–1.00) 0.25 (0.00–0.50) 0.6240
Hb (g/dL) 11.2±1.0 11.2±0.9 0.9590
FPG (mg/dL) 177.0 (114.5–243.5) 181.0 (116.8–225.3) 0.9030
HbA1c (%) 6.57±0.89 6.70±0.85 0.6340
P (mg/dL) 5.08±1.34 5.13±1.46 0.9150
Corrected Ca (mg/dL) 8.53±0.71 8.85±0.85 0.1870
Mg (mg/dL) 2.40 (2.20–2.75) 2.45 (2.20–2.80) 0.5000
int-PTH (pg/mL) 176.80 (76.20–260.75) 182.80 (49.08–299.15) 0.8550
Albumin (g/dL) 3.36±0.40 3.53±0.29 0.1260
TC (mg/dL) 155.10±37.49 146.3±37.81 0.4970
HDL-C (mg/dL) 42.00 (34.00–53.00) 41.50 (35.25–46.00) 0.8040
TG (mg/dL) 121.00 (80.00–162.00) 119.50 (91.00–153.75) 0.8860
CRP (mg/dL) 0.12 (0.07–0.41) 0.13 (0.05–0.38) 0.9900
OC (ng/mL) 21 (16.0–36.5) 19.5 (12.3–26.5) 0.3637
BAP (μg/L) 24.8 (21.4–40.4) 24.3 (21.3–29.9) 0.2585
OC/BAP ratio 0.83 (0.54–1.23) 0.77 (0.55–1.03) 0.5688
ACI 0.475 (0.157–0.725) 0.546 (0.204–0.715) 0.7500

Note: Data are expressed as mean ± standard deviation or median (interquartile range).
Abbreviations: ACI, aortic calcification index; ARB, angiotensin receptor blocker; BAP, bone alkaline phosphatase; BMI, body mass index; CCB, calcium channel blocker; 
corrected Ca, corrected calcium; CRP, C-reactive protein; DM, diabetes mellitus; FPG, fasting plasma glucose; Hb, hemoglobin; HbA1c, glycated hemoglobin; HD, hemodialysis; 
HDL-C, high-density lipoprotein cholesterol; int-PTH, intact parathyroid hormone; Mg, magnesium; OC, osteocalcin; P, phosphate; TC, total cholesterol; TG, triglycerides.
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score, determined from the IMT and T-scores, was greater 

than or equal to -1.5 standard deviation for all patients. All 

subjects remained free of drugs known to influence bone 

and Ca metabolism, including coumarin anticoagulants, 

bisphosphonate, thiazolidinedione, vitamin K, dipeptidyl 

peptidase-4 inhibitor, and glucagon-like peptide-1 analog 

(except vitamin D). The incidence of antiplatelet medications 

(aspirin) at baseline was 52% (11/21) in the LC group and 

55% (12/22) in the CC group, whereas it was 58% (11/19) 

in the LC group and 59% (13/22) in the CC group 2 years 

later.

In both groups, two patients were included who lower 

hemiparesis (known to influence fracture) complicated with 

cerebral infarction (developed before starting the study).

LC administration commenced at 750 mg/d, and the mean 

dose at the end of the study was 2,060±280 mg/d. CC admin-

istration commenced at 1,500 mg/d, and the average dose at 

the end of the study was 2,640±530 mg/d. For the LC and CC 

groups, the dosages of activated vitamin D at the start of the 

study were 0.00 (0.00–1.00) µg/week and 0.25 (0.00–0.50) 

µg/week, respectively, and at the end of the study they were 

0.00 (0.00–1.00) µg/week and 0.27 (0.00–0.50) µg/week, 

respectively. No significant differences were observed 

between the groups in relation to the prescribed calcitriol 

dosage (data not shown).

Calculated estimation of treatment adherence did 

not differ significantly between groups at baseline (LC, 

87.6%±16.5% vs CC, 82.3%±22.5%); however, after 2 years, 

it was significantly higher in the LC group than in the CC 

group (LC, 91.8%±8.8% vs CC, 70.3±19.6%; P,0.01).

The Geriatric Nutritional Risk Index score did not differ 

significantly between the groups at baseline (LC, 90.7±6.9 vs 

CC, 91.6±4.3); however, 2 years later, it was significantly 

lower in the CC group than in the LC group (LC, 90.6±6.6 vs 

CC, 89.3±4.3; P,0.01).

Changes in biochemical markers during 
the study period
The key biochemical end points studied in all patients are 

summarized in Table 2. Glycemic control was stable in all 

patients. Between-group difference was not statistically sig-

nificant concerning serum P or corrected Ca levels. Int-PTH 

levels increased in both groups (the increase was significant 

only in the CC group; P,0.05) at the 24-month follow-up; 

however, no significant difference was found between groups. 

Although OC and BAP levels differed between the baseline 

and 24-month follow-up measures, in both patient groups, 

a significant difference between the groups was not observed. 

Further, the OC/BAP ratio significantly increased in the LC 

group relative to the CC group (P=0.036). Additionally, 

no significant differences were found in other biochemical 

markers between groups.

Ba-PWV
The mean ba-PWV significantly increased only in the CC group 

(median: 2,280.5 to 2,402.5 cm/s, P,0.05), after the treatment 

for 24-month treatment; it remained unchanged in the LC 

group (median: 1,830.5 to 2,018.3 cm/s). However, the differ-

ence between the groups did not reach statistical significance 

(Table 3). Analysis of the ba-PWV changes (∆%ba-PWV) did 

not show any significant differences between the groups.

IMT (IMT-Cmax, IMT-Bmax, and  
IMT-Imax)
The mean values of IMT subtypes (IMT-Cmax, -Bmax, and 

-Imax) significantly increased (both groups), except left 

IMT-Cmax, Bmax, and Imax (LC group), and right IMT-

Imax (CC group) (Table 4). The left side ∆%IMT-Bmax was 

significantly lower in the LC group (P,0.001). However, 

ANOVA analyses of the two groups did not reach statistical 

significance for any subtype.

Table 2 Changes in biochemical markers during the study period

Marker Lanthanum carbonate Calcium carbonate

Baseline 24 months Baseline 24 months

HbA1c (%) 6.57±0.89 6.77±1.08 6.70±0.85 6.72±0.88
P (mg/dL) 5.08±1.34 4.54±0.81 5.13±1.46 4.91±1.16
Corrected Ca (mg/dL) 8.53±0.71 8.44±0.40 8.85±0.85 8.81±0.83
int-PTH (pg/mL) 176.8 (76.2–260.75) 216.4 (153.8–312.4) 182.8 (49.1–299.2) 276.2 ( 116.3–383.9)*
Albumin (g/dL) 3.36±0.40 3.38±0.36 3.53±0.29 3.48±0.33
CRP (mg/dL) 0.12 (0.07–0.41) 0.14 (0.06–0.45) 0.13 (0.05–0.38) 0.15 (0.06–0.42)
OC (ng/mL) 21.0 (16.0–36.5) 40.3 (17.9–77.6)* 19.5 (12.3–26.5) 22.9 (15.2–56.1)*
BAP (μg/L) 24.8 (21.4–40.4) 15.9 (11.6–21.7)** 24.3 (21.3–29.9) 19.9 (15.1–25.7)**
OC/BAP ratio*** 0.83 (0.54–1.23) 2.47 (1.25–3.77)** 0.77 (0.55–1.03) 1.40 (0.89–2.55)**

Notes: *P,0.05, vs baseline; **P,0.01, vs baseline; ***P=0.036, between the groups. Data are expressed as mean ± standard deviation or median (interquartile range).
Abbreviations: BAP, bone alkaline phosphatase; corrected Ca, corrected calcium; CRP, C-reactive protein; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; 
int-PTH, intact parathyroid hormone; Mg, magnesium; OC, osteocalcin; P, phosphate.
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Table 3 Changes in brachial-ankle pulse wave velocity (ba-PWV) (mean, right [rt], and left [lt]) during the study period

Parameter Lanthanum carbonate (n=19) Calcium carbonate (n=22)

Baseline 24 months Baseline 24 months

ba-PWV (mean) (cm/s) 1,830.5 (1,686.0–2,172.0) 1,992.0 (1,680.0–2,293.0) 2,280.5 (2,023.5–2,426.0) 2,402.5 (2,280.5–2,823.5)*
Δ%ba-PWV (mean) 9.9 (2.3–16.8) 13.0 (7.8–27.9)
ba-PWV (rt) (cm/s) 1,812.0 (1,624.0–2,072.0) 1,894.0 (1,767.0–2,248.0) 2,333.0 (2,041.0–2,488.0) 2,437.0 (2,237.0–2,838.0)*
Δ%ba-PWV (rt) 12.0 (-2.0–19.2) 16.7 (5.8–27.6)
ba-PWV (lt) (cm/s) 1,843.0 (1,549.0–2,251.0) 2,018.3 (1,760.4–2,312.5) 2,230.0 (2,006.0–2,387.0) 2,486.0 (2,314.0–2,724.0)*
Δ%ba-PWV (lt) 6.9 (1.0–13.6) 15.4 (7.9–28.8)

Notes: *P,0.05, vs baseline. Data are expressed as median (interquartile range).

Table 4 Changes in IMT-Cmax, Bmax, and Imax (left [lt] and right [rt]) during the study period

Parameter Lanthanum carbonate (n=19) Calcium carbonate (n=22)

Baseline 24 months Baseline 24 months

IMT-Cmax (rt) (mm) 1.0 (0.8–1.6) 1.3 (0.90–1.95)* 1.45 (0.9–1.8) 1.7 (1.025–2.200)**
Δ%Cmax (rt) 12.5 (0.00–24.75) 19.52 (10.28–27.31)
IMT-Cmax (lt) (mm) 1.0 (0.9–1.9) 1.2 (0.95–2.35) 1.3 (1.000–2.075) 2.2 (1.200–2.675)**
Δ%Cmax (lt) 11.11 (0.00–36.01) 20 (8.88–34.58)
IMT-Bmax (rt) (mm) 1.9 (1.05–2.20) 2.3 (1.4–2.5)** 2.55 (2.125–2.900) 2.75 (2.5–3.1)**
Δ%Bmax (rt) 10 (0.00–27.33) 11.25 (4.88–15.38)
IMT-Bmax (lt) (mm) 2.2 (1.55–2.95) 2.2 (1.25–2.75) 1.95 (1.525–2.700) 2.4 (1.925–3.125)**
Δ%Bmax (lt)*** 0 (–7.90–11.84) 23.79 (7.21–37.38)
IMT-Imax (rt) (mm) 1.85 (1.6–2.0) 2.05 (1.825–2.175)* 1.65 (1.15–2.00) 1.80 (1.20–2.50)
Δ%Imax (rt) 10.26 (3.89–18.13) 18.33 (6.25–27.50)
IMT-Imax (lt) (mm) 1.5 (1.2–2.9) 1.8 (1.7–2.1) 1.65 (1.4–2.1) 2 (1.775–2.300)*
Δ%Imax (lt) 0 (–8.30–13.33) 20.71 (15.38–43.75)

Notes: *P,0.05, vs baseline; **P,0.01, vs baseline; ***P,0.01, between the groups. Data are expressed as median (interquartile range).
Abbreviations: IMT, intima-media thickness; IMT-Bmax, IMT-max bifurcation; IMT-Cmax, IMT-max common carotid; IMT-Imax, IMT-max internal carotid; IMT-max, 
maximum intima-media thickness.

BMD
The lumbar spine BMDs and ∆%BMDs did not show signifi-

cant between-group differences throughout the study period 

(Table 5). Further, they did not differ significantly between 

the baseline and 24-month follow-up measurements.

Radiography
Three patients (3/22, 13.6%, all male) in the CC group sus-

tained fractures (two types of vertebral fracture) between 

13 and 24 months of treatment; no patient in the LC group 

sustained a fracture. However, Pearson’s chi-squared test with 

Yate’s continuity correction of the two groups did not reach 

statistical significance (P=0.2478).

Discussion
Increases in ba-PWV and IMT levels have been shown to be 

independent risk factors of cardiovascular death13 in chronic 

HD patients. Therefore, these parameters have considerable 

clinical significance. In the study reported here, HD patients 

with type 2 DM were randomly assigned to a CC or LC 

treatment group; the effects of both drugs on ba-PWV and 

IMT were investigated over 2 years. The main findings of 

this study were that: 1) 2-year treatment with LC seemed to 

be slowing progression of ba-PWV, but did not show a dif-

ference in ba-PWV, IMT, BMD, or fracture, compared with 

CC; and 2) LC increased the OC/BAP ratio in HD patients 

with type 2 DM to a greater extent than CC.

Matsumoto et  al14 reported that in hypertensive non-

dialysis patients, ba-PWV was positively correlated with 

IMT. However, little is known about the correlation between 

ba-PWV and IMT in HD patients. Seifert et al15 reported 

that changes in ba-PWV appeared earlier than those in IMT, 

although their study was limited to patients with early stage 

CKD. Moreover, they found that a 1-year LC treatment had 

no effect on ba-PWV or IMT increases, compared with the 

placebo. Therefore, we extended the present study to 2 years. 

Since several of our patients required medication changes, 

we were unable to extend the study further.

The ∆%IMT seemed to be lower in the LC group than in 

the CC group, although the between-group difference was not 
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Table 5 Change in bone-mass density (BMD) during the study period

Parameter Lanthanum carbonate (n=19) Calcium carbonate (n=22)

Baseline 24 months Baseline 24 months

BMD (g/cm2) 1.021 (0.933–1.109) 0.952 (0.930–1.061) 0.988 (0.889–1.062) 0.991 (0.906–1.045)
Δ%BMD -2 (-2–7) -1 (-3.0–2.4)

Note: Data are expressed as median (interquartile range).

statistically significant (except for the left ∆% IMT-Bmax). 

Unfortunately, we were unable to clearly detect the differential 

effects of LC and CC on the development of arterial stiffness 

in this 2-year study. However, LC seemed to be slowing the 

progression of ba-PWV. Although blood pressure is one of the 

most important contributing factors to PWV, we did not find 

a significant difference in blood pressure between LC and CC 

in this study (data not shown). The ba-PWV increased only in 

the CC group, and it remained unchanged in the LC group. 

The mean ba-PWV increased only in the CC group, after the 

treatment for 24-month treatment, and it remained unchanged 

in the LC group. Therefore, we assumed that LC might be 

slowing the progression of PWV (vascular stiffness).

Further, LC not only has phosphorus-lowering effects, 

but also facilitates slowing the progression of atherosclerosis 

or calcification. The present study showed that LC could be 

slowing an increase in ba-PWV to a greater extent than did 

CC. Thus, long-term administration of LC may reduce the 

risk of CVD in type 2 DM, HD patients.

We also found that LC increased the OC/BAP ratio to 

a greater extent than CC. Previous in vitro studies have 

shown that chronic hyperglycemia decreases OC expression 

and cellular Ca uptake, and increases BAP activity and 

expression.16 OC is also influenced by the concentration and 

administration of vitamin D receptor activator.17 Moreover, 

a low OC/BAP ratio increases the risk of vertebral fractures 

and poor glycemic control in Japanese type 2 DM patients.18 

The present study showed that serum OC increased and BAP 

decreased significantly in both the LC and CC groups, after 

2 years of treatment, compared with baseline values (no 

significant differences were found between groups). Three 

possible reasons for these findings are as follows: first, the 

patients all had stable glycemic control throughout the study; 

second, switching from CC to LC may have increased serum 

OC levels;19 and third, the reduction of BAP might also have 

affected the elevation of the OC/BAP ratio, especially in 

LC group, since the OC/BAP ratio remained higher in the 

LC group than in the CC group throughout the study. The 

result that the levels of BAP dropped more in LC group 

might indicate that the LC group is at risk for adynamic 

bone disease.

Hypoalbuminemia or inflammation might not affect bone 

mineral metabolism because serum albumin and CRP level 

was stable and did not change throughout the study period in 

both groups, and significant differences were not observed 

between groups.

Limitations
Our study has some limitations. First, the number of patients 

was small, and our sample included only eleven patients with 

baseline int-PTH levels lower than the value recommended in 

the Japanese Society for Dialysis Therapy or Kidney Disease 

Outcomes Quality Initiative guidelines (,60 pg/mL) (seven 

in the CC group, four in the LC group). The association of 

the baseline int-PTH level with LC treatment for progression 

of calcification needs to be investigated. Second, disease 

condition may have been rather severe in our patients (since 

the hospital is a tertiary center for evaluation and treatment of 

CKD and DM). Therefore, these patients may not have been 

representative of Japanese dialysis patients. Third, this study 

included patients with high baseline ba-PWV levels, and 

the implications of this are unknown. Fourth, serum P level 

seemed to be higher in the CC group than in the LC group 

after 2 years, and serum P level might affect the progression of 

vascular calcification (although the between-group difference 

was not statistically significant). Fifth, the lack of calculated 

estimation of treatment adherence with CC could also affect 

the outcome. Sixth, misclassification bias may have occurred 

and influenced changes in biochemical markers during the 

study period. Finally, there was the possibility of contamina-

tion and co-intervention, since treatment was not blinded.

Conclusion
In this study, we found that in Japanese type 2 DM HD patients, 

1) 2-year treatment with LC might slow the progression of 

ba-PWV (vascular stiffness), but there was no difference in 

ba-PWV, IMT, BMD, or fracture, compared with CC; and 2) LC 

increased the OC/BAP ratio to a greater extent than CC.
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