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Aims: Diabetic nephropathy is an important risk factor for cardiovascular diseases (CVD).

The underlying etiology is not fully understood but may be related to changes in inflam-

matory and hemostatic markers with kidney disease. We investigated the associations of

the markers with microvascular complications in Pima Indians (PI) with early-onset type 2

diabetes (T2DM).

Methods: C-reactive protein, interleukine-6, fibrinogen, D-dimer, plasmin–antiplasmin

complex and plasminogen activator inhibitor-1 were measured in 104 PI (age: 32 � 4y) with

diabetes and 59 (32 � 4y) with fasting glucose<110 mg/dl and 2-h glucose<140 mg/dl. Urine

albumin to creatinine ratio (ACR) was used as marker of nephropathy. Severity of retino-

pathy was classified in the worse eye by direct ophthalmoscopy as none, background and

proliferative.

Results: Of these markers, only fibrinogen was associated with ACR (r = 0.25, p < 0.01). After

adjustment for age, sex, percentage Pima heritage, smoking status, diabetes duration, blood

pressure and use of aspirin, antihypertensive and antihyperglycemic agents, general linear

models (with natural log-transformed values of fibrinogen and ACR as dependent and

independent variables, respectively) revealed that a one percent increase in ACR would

yield a 0.02% increase in the fibrinogen (b = 0.02, p < 0.05). Plasma fibrinogen was also

significantly increased with severity of diabetic retinopathy ( p < 0.05).

Conclusions: Increased plasma fibrinogen concentration was associated with diabetic micro-

vascular disease, in particular with nephropathy. This may help to explain the etiologic link

between nephropathy and CVD.

Published by Elsevier Ireland Ltd.
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1. Introduction

Type 2 diabetes (T2DM) has traditionally been considered a

disease of older adults but is now more frequently reported
* Corresponding author. Tel.: +1 602 200 5345; fax: +1 602 200 5335.
E-mail addresses: ducsonmd@gmail.com, ducsonmd@yahoo.com

0168-8227/$ – see front matter. Published by Elsevier Ireland Ltd.
doi:10.1016/j.diabres.2008.08.019
at younger ages [1]. Diabetic microvascular complications

have been reported to present more frequently in type 1

diabetes than in T2DM [2]. In Pima Indians, the onset of

T2DM has been recognized in adolescence and young adults
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Table 1 – Study participants by age at time of study and
age at diagnosis of type 2 diabetes

Current age
(years)

Age at diagnosis of T2DM
(years)

NGR Total

<15 15–19 20–24 25–29

25–29 7 11 10 10 20 58

30–34 6 11 11 9 20 57

35–39 3 6 10 10 19 48

Total 16 28 31 29 59 163

T2DM, type 2 diabetes; NGR, normal glucose regulation.
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since the early 1970s [3,4]. The incidence of T2DM in

adolescent Pima Indians is increasing [5]. These individuals

are predisposed to microvascular complications in early

adulthood particularly diabetic nephropathy [6,7]. Recently,

associations between diabetic nephropathy and subclinical

markers of atherosclerosis (i.e., carotid plaque and coronary

artery calcium) have been reported in young adult Pima

Indians with early onset T2DM (age of diagnosis <30 years)

[8,9]. In addition, kidney disease (regardless of diabetic

status) is associated with increased CVD mortality in this

population [10].

Inflammatory and hemostatic markers are associated with

nephropathy and retinopathy in the general population

[11,12], as well as in individuals with diabetes [13–15] and

may not only play a role in the pathogenesis of diabetic

nephropathy but may also help to explain the link between

nephropathy and cardiovascular disease (CVD) (itself asso-

ciated with inflammation).

In addition, although the well-known CVD risk factors are

probably active in both younger and older diabetic patients, in

young people with early onset of T2DM, development of renal

disease may be a more important contributor to macrovas-

cular disease, in part because the other known risk factors

(such as hypertension, dyslipidemia) may be more strongly

associated with greater age.

We investigated the relationship of inflammatory and

hemostatic markers (i.e., C-reactive protein, CRP; interleu-

kine-6, IL-6, fibrinogen, D-dimer; plasmin–antiplasmin com-

plex, PAP; plasminogen activator inhibitor-1, PAI-1), with

retinopathy and nephropathy (urine albumin to creatinine

ratio, ACR as a marker) in young adult Pima Indians with early

onset T2DM who had participated in the study of risk factors

for subclinical CVD [8,9] to examine the associations of the

inflammatory and hemostatic markers with diabetic nephro-

pathy and retinopathy.
2. Materials and methods

2.1. Subjects

The Pima Indian participants (at least 50% Pima heritage) in

this study have participated in a longitudinal study of health

in the Gila River Indian Community initiated in 1965 that has

focused on risk factors for T2DM and its complications. Every

2 years, subjects aged �5 years were invited for an examina-

tion regardless of health status that included a 75 g oral

glucose tolerance test (OGTT). Diabetes was determined by

fasting plasma glucose of >126 mg/dl or by a 2-h plasma

glucose >200 mg/dl [16] or by previous clinical diagnosis

confirmed by review of the medical records. Based on

diagnosis dates from this longitudinal study, we evaluated

individuals aged 25–39 years who had been diagnosed with

diabetes at age <30 years and compared them with an age-

matched group who had had a normal OGTT [normal glucose

regulation (NGR): fasting plasma glucose <110 mg/dl and 2 h

plasma glucose<140 mg/dl] within the past year using the

American Diabetes Association’s 1997 [17]. Participants in

each group were recruited in 5-year age strata (25–29, 30–34,

and 35–39 years). For participants with diabetes, recruitment
was additionally stratified by age at diagnosis so that similar

numbers of participants were seen with similar age at

diagnosis and age at exam (Table 1). Recruitment was limited

in certain diabetes diagnosis age strata because of the small

number of available participants. In addition we excluded

subjects who were on dialysis prior to this study (n = 7),

because their interval time between dialysis and blood drawn

was inconsistent and the effect of dialysis on inflammatory or

hemostatic markers is unclear. Based on these criteria, 104

individuals with diabetes (35 men/69 women) and 59 indivi-

duals with NGR (30 men/29 women) were studied (Table 1).

None of the volunteers were acutely ill at the time of the visit;

none were on corticosteroids or anti-inflammatories other

than ASA per the med history. Also none were on medications

for treatment of arthritis (remittive agents). The protocol was

approved by the Institutional Review Board of the National

Institute of Diabetes and Digestive and Kidney Diseases

(NIDDK-NIH) and by the Gila River Indian Community

Council. Informed, written consent was obtained from all

subjects prior to participation.

2.2. Medical and physical examination

Participants were questioned in detail about diabetes

medications and smoking. An individual was considered

to be taking a medicine (including hypoglycemic, antihy-

pertensive agents and aspirin) if he or she had taken a dose

within the last 7 days. In addition, a detailed medical record

review was performed. Smoking was defined as current use

of at least one cigarette per day. Physical examination

included seated blood pressure recorded to the nearest

2 mmHg at the first and fifth Korotkoff sounds and direct

fundoscopy after pupil dilation. Fasting blood samples were

drawn for plasma glucose, hemoglobin A1C (HbA1c), total

cholesterol, HDL-cholesterol, triglycerides, serum creatinine

and inflammatory and hemostatic markers. Urine samples

were also collected for measurements of albumin to

creatinine ratio (ACR).

2.3. Classification

Retinopathy was classified in the worse eye as: background

defined as the presence of microaneurysms with or without

exudates; and proliferative, defined as proliferative retino-

pathy or evidence of laser treatment [18]. Isolated exudates

were classified as ‘‘none’’ based on previous work demon-

strating little relationship to diabetes [19].
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2.4. Analytical measurements

Plasma glucose concentration was measured by the hexoki-

nase method (Ciba-Corning, Palo Alto, CA). Total cholesterol,

triglycerides (TG), and HDL-cholesterol (HDL-C) were mea-

sured by the enzymatic method (Ciba-Corning, Palo Alto, CA),

then LDL-cholesterol (LDL-C) was estimated using the Frie-

dewald equation, for those with TG <400 mg/dl [20]. Urine

creatinine was measured by the kinetic alkaline picrate

method (Ciba-Corning, Palo Alto, CA), and albumin by

nephelometry (BNII Dade Behring, San Jose, CA). Urine

albumin and creatinine concentrations were done in dupli-

cate. The average were calculated and used for analyses.

However, the average is rejected if their CVs are greater than

7.07 for albumin and 3.54 for creatinine. In addition, for urine

albumin measurements below the limit of detection, the

albumin concentration was set to the lower limit of the assay

which was 6.8 mg/dl. The urine albumin to creatinine ratio

(ACR) was calculated based on urine creatinine and albumin

concentrations.

The C-reactive protein (CRP) was measured by a colori-

metric competitive enzyme-linked immunosorbent assay

ELISA with CV of 5.14%. Interleukin-6 (IL-6) was measured

by ultra-sensitive ELISA with CV of 6.3%. Fibrinogen was

measured by an automated clot assay based upon the Clauss

method [21] with CV of 1.65%. Plasminogen Activator

Inhibitor-1 (PAI-1) was measured by two-site ELISA with CV

of 3.47%. Plasmin–antiplasmin complex (PAP) was measured

by two-site immunoassay in the ELISA format with CV of

1.74%. D-dimer was measured using an immuno-turbido-

metric assay (Liatest D-DI, Stago) on the Sta-R analyzer (Stago)

with CV of 5.0%.

2.5. Statistical analyses

Inflammatory and hemostatic indices were log-transformed

(with natural log) to approximate normal distributions. Simple

and partial Spearman correlations were used to evaluate the

relationship between ACR and other variables. General linear

models were used to assess the association of independent

variables with these inflammatory and hemostatic markers.

Values of p < 0.05 were considered as statistically significant.

All analyses were performed using programs written in SAS

(SAS Institute, Cary, NC).
3. Results

As expected, compared to NGR, diabetic subjects were

significantly heavier, had greater waist circumference, systolic

blood pressures, fasting plasma glucose, HbA1c, total choles-

terol, LDL-cholesterol and triglycerides, but lower HDL

cholesterol (Table 2). Those with diabetes also had signifi-

cantly higher plasma concentrations of CRP, interleukin-6 and

fibrinogen than those with NGR (Table 2). There was no

relationship between smoking and diabetes in this population

(27% vs. 19%, p = 0.3). Average number of cigarette was similar

between NGR and T2DM individuals (Table 2). In the diabetes

group, approximately 25% using oral anthyperglycemic agents

in which 12 subjects have used glitazones.
Spearman rank correlation revealed that fibrinogen con-

centration positively correlated with concentrations of CRP

(r = 0.56, p < 0.001), IL-6 (r = 0.35, p < 0.001) and PAP (r = 0.41,

p < 0.001) but did not correlate with D-dimer (r = 0.02, p = 0.7)

and PAI-1 (r = 0.05, r = 0.6).

Table 3 shows the correlations of ACR with other variables.

In NGR, no correlations between ACR and the six inflamma-

tory and hemostatic markers were found. As shown in Table 3,

in T2DM, ACR was significantly correlated with plasma

fibrinogen (Fig. 1) (r = 0.25, p < 0.001) and PAP (r = 0.31,

p = 0.01) concentrations in diabetic individuals. For fibrinogen,

the association was still significant after removing outliers

(those with fibrinogen concentrations over 600 mg/dl, see

Fig. 1) (r = 0.20, p = 0.03). However, only the correlation of ACR

with fibrinogen concentration remained significant, after

adjustment for age, sex, BMI, number of cigarette per day,

percentage of Pima heritage, blood pressure, HbA1c, diabetic

duration and use of aspirin, antihyperglycemic and oral

antihypertensive agents.

In general linear models using log-transformed values of

plasma fibrinogen concentration and ACR as a dependent and

independent variables respectively, a one percent increase in

ACR would yield a 0.02% increase in the fibrinogen (b = 0.02,

p < 0.05), after adjustment for age, sex, BMI, number of

cigarette smoked per day, percentage of Pima heritage, blood

pressure, HbA1c, diabetes duration and use of aspirin,

antihyperglycemic and oral antihypertensive agents.

Table 4 shows the associations of inflammatory and

hemostatic markers with severity of diabetic retinopathy in

diabetic individuals. Our finding, using natural log-transformed

values of the markers revealed that after adjustment for age,

sex, BMI, number of cigarette smoked per day, percentage of

Pima heritage, diabetes duration and treatment for T2DM,

hypertension, use of aspirin, plasma fibrinogen concentration

was significantly increasedwith severity of diabetic retinopathy

(p < 0.04). The association also survived significance even after

additional adjustment for ACR (p < 0.05) (Table 4). The highest

plasma concentration of fibrinogen was found in individuals

with proliferative retinopathy (420 mg/dl) vs. diabetic indivi-

duals without retinopathy (368 mg/dl) (Table 4).
4. Discussion

In this study of young adult Pima Indians with early onset

T2DM, diabetic microvascular complications (nephropathy

and retinopathy) were associated with increased plasma

fibrinogen concentration, a factor also associated with an

increase risk of CVD [22]. These associations are independent

of duration of diabetes which is one of the strongest

determinants of diabetic microvascular complications

[23,24] and in this study, the date of diagnosis and duration

of diabetes are known more precisely than in other popula-

tions because the participants are tested routinely for diabetes

(from 5 years of age).

The associations between plasma fibrinogen concentration

and diabetic nephropathy agree with several studies in

different ethnic groups in which plasma concentrations of

fibrinogen and PAP are associated with albumin to creatinine

ratio [13,25,26], reduced glomerular function or increased



Table 2 – Study population characteristics by group

Variables NGR (n = 59) T2DM (n = 104) p

Age (years) 32 � 4 32 � 4 NS

T2DM duration (years) – 11 � 6

Smoking (%) NS

Yes 19 27

no 81 73

Treatment with statins (%) NS

Yes 0.0 5.8

no 100 94.2

Treatment with ACE1 (%) <0.001

Yes 1.7 36.5

no 98.3 63.5

Treatment for DM (%)

None 5.7

Oral antihyperglycemic agents 24.7

Insulin only 17.1

Combination 11.4

Number of cigarette/day 0.8 � 2.4 1.2 � 2.8 NS

BMI (kg/m2) 32 � 7 35 � 7 0.01

Waist (cm) 106 � 15 112 � 15 0.02

Systolic blood pressure (mmHg) 121 � 14 127 � 17 0.03

Diastolic blood pressure (mmHg) 77 � 10 79 � 10 NS

Fasting plasma glucose (mg/dl) 91 � 7 225 � 86 <0.001

HbA1c (%) 5.3 � 0.3 9.7 � 2.4 <0.001

Total cholesterol (mg/dl) 174 � 36 190 � 44 0.01

HDL-cholesterol (mg/dl) 52 � 16 44 � 10 0.001

LDL-cholesterol (mg/dl) 97 � 28 110 � 33 0.02

Triglycerides (mg/dl) 123 � 71 225 � 282 0.001

Urine albumin to creatinine ratio (mg/g) 9 (6–17) 40 (13–220) 0.01

C-reactive proteina (mg/ml) 3.3 (0.9–6.2) 6.8 (3.4–14.1) <0.001

Interleukin-6a (pg/ml) 4.8 (2.3–6.7) 5.1 (3.4–8.0) 0.04

D-dimera (mg/ml) 0.4 (0.3–0.5) 0.3 (0.2–0.5) NS

Fibrinogena (mg/dl) 311 (258–363) 394 (332–430) <0.001

Plasmin–antiplasmin complexa (nM) 4.2 (3.3–5.3) 4.4 (3.6–5.5) NS

Plasminogen activator Inhibitor-1a (ng/ml) 31 (18–53) 39 (24–59) NS

NGR, normal glucose regulation; T2DM, type 2 diabetes.

Data are presented as mean � S.D. or median (25th–75th percentiles).

NS, not statistically different, i.e., p > 0.05.
a Analyses were performed using log-transformed values.
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glomerular basement membrane width [14,13]. Although

conducted in a young population with early onset T2DM,

albeit with substantial microvascular disease burden, our

results are consistent with these earlier studies. As studies in
Table 3 – Simple spearman correlations of urine albumin to c

Variables

Age (years)

Duration T2DM (years)

BMI

CRP (mg/ml)

IL-6 (pg/ml)

D-dimer (mg/ml)

Fibrinogen (mg/dl)

Plasmin–antiplasmin complex (nM)

Plasminogen activator Inhibitor-1 (ng/ml)

NGR, normal glucose regulation; T2DM, type 2 diabetes; BMI, body mass
a Significantly different from zero at p < 0.05.
the same population have shown an important link between

CVD mortality and nephropathy (either due to diabetes or not)

[10], the change in coagulation activity may be a factor in the

causal link between nephropathy and CVD.
reatinine ratio (ACR) with other variables

NGR (n = 59) T2DM (n = 104)

�0.05 0.31a

– 0.45a

0.11 �0.11

0.22 �0.09

0.24 �0.03

�0.06 0.06

0.23 0.25a

0.20 0.31a

0.05 �0.10

index; CRP, C-reactive protein; IL-6, Interleukin-6.



Fig. 1 – Correlation between plasma fibrinogen

concentration (mg/dl) and urine albumin to creatinine

ratio (mg/g).
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Plasma fibrinogen concentration was also associated with

severity of diabetic retinopathy, independent of blood pres-

sure and nephropathy (Table 4). This finding is in accordance

with the previous investigations in which increased fibrinogen

is associated with diabetic retinopathy [26–28]. Furthermore, a

significant relationship between severity of retinopathy and

severity of nephropathy in diabetic individuals was observed

in the present study indicating that microvascular complica-

tions shared some similar risk factors.

In individuals with diabetes, elevations of fibrinogen, factor

VII, vWF and prekallikrein may contribute to the increased risk

of vascular diseases [27,29]. The association of fibrinogen and

diabetic microvascular complications (in particular nephro-

pathy) could be caused either by increased production,

decreased clearance or a combination of both mechanisms.
Table 4 – Inflammatory and hemostatic markers by severity of

Variables Diabetic retinopat

None Background

N 58 32

Age (years) 30 � 4 33 � 4

Duration T2DM (years) 7.9 � 4.6 13.1 � 5.5

ACR (mg/g)d 17 (9–68) 57 (24–1053)

CRPd (mg/ml) 8.5 (3.5–14.3) 6.4 (2.1–13.3)

IL-6d (pg/ml) 5.0 (3.0–8.2) 5.1 (3.5–6.9)

D-dimerd (mg/ml) 0.3 (0.2–0.6) 0.3 (0.2–0.5)

Fibrinogend (mg/dl) 368 (329–421) 380 (338–418)

PAPd (nM) 3.8 (3.4–5.0) 4.7 (3.7–5.7)

PAI-1d (ng/ml) 44 (30–65) 27 (18–46)

Data are presented as mean � S.D. or median (25th–75th percentiles).

NGR, normal glucose regulation; T2DM, type 2 diabetes; SBP, systolic blood

ACR, urine albumin to creatinine ratio; CRP, C-reactive protein; IL-6, int

activator Inhibitor-1. NS, not statistically different, i.e., p > 0.05.
a p1, association of retinopathy with the variables among diabetes subje
b p2, same as p1 with age, gender, number of cigarette smoked per day, BM

hypertension, and use of aspirin, as covariates.
c p3, same as p2 with addition of ACR as covariates.
d Analyses were performed using log-transformed values.
Increased fibrinogen synthesis has found in patients with

chronic renal failure [30]. Increased coagulability may impair

endothelial function thus promoting both macrovascular and

worsening microvascular diseases [14,25]. Alternatively, or in

addition, elevated fibrinogen levels may occur secondary to

nephropathy, but could contribute to further decline in renal

function and the nephropathy associated with increased CVD

risk. We cannot determine the directionality of the association

due to the cross sectional nature of the study. In the current

study, ACR was associated with plasma concentration of

fibrinogen. In addition, in our previous analysis in the same

population, we found that advanced diabetic kidney disease is

associated with subclinical atherosclerotic markers (such as

carotid intima medial thickness, arterial mass and plaque,

measured by ultrasound) [8,9] but there were no associations

between the same hemostatic indices and the atherosclerotic

markers likely due to the relatively small sample size. This

was consistent, however, with a study in Japanese people in

which fibrinogen concentration was associated with ACR, but

not with IMT. CRP was not associated with IMT in this study

either [31]. In the Strong Heart Study, a survey of the

prevalence and incidence of CVD risk factors and of CVD

morbidity and mortality in American Indians, plasma fibrino-

gen concentration was associated with left ventricular

dysfunction and predicted cardiovascular events independent

of traditional risk factors [32,33]. In addition, plasma fibrino-

gen concentration was also a predictor of cardiac death in

American Indians [32]. Interestingly, a study in 396 diabetic

adult Pima Indians (aged �40 year) indicated that homo-

cysteine, another marker of hypercoagulability, also predicts

diabetic microvascular complications [34].

In addition, we also found significant associations of

plasmin–antiplasmin complex with nephropathy and retino-

pathy, however, the associations were no longer significant

after adjustment for age, sex, BMI, percentage of Pima heritage,

diabetes duration and treatment for T2DM, hypertension, use of
diabetic retinopathy among the 104 subjects with diabetes

hy p1
a p2

b p3
c

Proliferative

14

36 � 3 <0.001 – –

19.6 � 5.0 <0.001 – –

1321 (200–2792) <0.001 – –

4.2 (3.4–11.2) NS NS NS

5.6 (3.8–8.0) NS NS NS

0.4 (0.3–0.8) NS NS NS

420 (403–484) <0.01 <0.05 <0.05

5.3 (4.7–7.9) <0.01 NS NS

37 (21–59) NS NS NS

pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose;

erleukine 6; PAP, plasmin–antiplasmin complex; PAI-1, Plasminogen

ct by ANOVA.

I, percentage of Pima heritage, T2DM duration, treatment for T2DM,
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aspirin (Tables 3 and 4). We did not find an association between

the other markers and nephropathy or retinopathy. However,

studies about the associations between these markers and

markers of nephropathy, in particular, have been mixed. Fried

et al. reported that white blood count, CRP and fibrinogen

concentrations were predictors for a change in renal function

[11], However, similar to our findings Takebayashi et al. found

anassociation between, urinealbumin excretion and fibrinogen

but not CRP concentration [31]. Because of the selected

population, the sample size of this study is relatively small

which may limit our ability to detect modest associations

between the diabetic microvascular complications and the

inflammatory and coagulation markers, this may also explain

why we failed to find an associations with the other measured

markers. However, this makes our findings of associations of

alteration in coagulation with the diabetic nephropathy and

retinopathy even more remarkable.

In conclusion, our results show that increased fibrinogen

concentration in young adult Pima Indians with early onset of

T2DM is associated with diabetic microvascular diseases.

Whether this alteration has a role in the increased rate of CVD

in those with diabetic nephropathy in this population remains

to be determined.
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