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Context and Objective: Insulin resistance and chronic inflammation are key elements in the patho-
genesis of type 2 diabetes. We hypothesized that similar mechanisms could have a role in the
development of diabetic retinopathy (DR), an important microvascular complication in Latinos
with type 2 diabetes.

Design and Setting: A cross-sectional, family-based, observational cohort study.

Patients: Latino subjects with type 2 diabetes (n � 507), ascertained in families via a proband with
known diabetes duration of 10 years or more and/or with DR, were included.

Main Outcome Measures: Serum adiponectin was measured and insulin sensitivity was estimated
using homeostasis model assessment of insulin resistance (HOMA-IR). DR was assessed by seven-
field digital fundus photography and graded using the modified Airlie House classification and the
Early Treatment Diabetic Retinopathy Scale (range of severity levels, 10–85).

Results: Fasting adiponectin concentrations were elevated in patients with DR compared to those
without (12.9 � 0.5 vs 10.5 � 0.5 �g/mL; P � .0004) and remained significant after adjusting for
multiple covariates (age, gender, body mass index, glycosylated hemoglobin, diabetes duration,
statin use, blood pressure, and renal function; P � .013 to .018). Adiponectin was also positively
correlated with severity of DR in patients with nonproliferative DR (P � .0003), significant also after
all covariate adjustments (P � .018). When the proliferative DR group was included, this relation-
ship was attenuated by adjustments, possibly an influence of estimated glomerular filtration rate
reduction in the proliferative DR group. HOMA-IR was not different in the DR and non-DR groups.
Although elevated, adiponectin retained a typical inverse relationship with HOMA-IR in DR, similar
to that seen in the non-DR group.

Conclusions: Serum adiponectin is elevated in DR, is positively correlated with DR severity in Latinos
with type 2 diabetes, and maintains a relationship to insulin sensitivity. Adiponectin, whether as
a marker or biological mediator, may play an important role in DR, which appears to be indepen-
dent of its relationship to insulin sensitivity. (J Clin Endocrinol Metab 100: 3348–3355, 2015)
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Diabetic retinopathy (DR), an important microvascu-
lar complication of diabetes, is a leading cause of

blindness in working-age adults. Latinos are the fastest
growing ethnic minority in the United States, and they
have a higher risk of developing type 2 diabetes (1) and DR
(2) than non-Hispanic whites. This difference is not ex-
plained by previously well-established risk factors such as
glycemic control and blood pressure (2). Our prior bio-
marker study demonstrates that levels of both soluble
TNF receptors 1 and 2 (TNF-R1 and TNF-R2) are posi-
tively correlated with severity of DR, suggesting that in-
flammation and insulin sensitivity may play a role in the
development of DR (3). To further explore these mecha-
nisms in DR, we evaluated circulating adiponectin con-
centrations in relation to the presence or absence of DR in
a large group of Latinos with type 2 diabetes.

Little is known about the relationship between adi-
ponectin and DR. Adiponectin is a protein secreted by
adipocytes that regulates insulin sensitivity and may also
be involved in the inflammatory process (4). Levels of adi-
ponectin are decreased in obese diabetic mice (5), and re-
placement of adiponectin improves insulin sensitivity (6).
Low levels of circulating adiponectin are found in subjects
with obesity, insulin resistance, type 2 diabetes, and car-
diovascular diseases (7, 8), and this relationship is also
seen in Latinos (9). We therefore sought to study the re-
lationship between adiponectin, insulin sensitivity, and
DR in type 2 diabetes.

The purpose of this study was to investigate the rela-
tionship of fasting adiponectin in Latinos with type 2 di-
abetes, with and without DR, and further to examine
whether there was a possible relationship with different
levels of DR severity.

Subjects and Methods

Ethics
This study was performed in accordance with the tenets of the

Declaration of Helsinki and approved by the institutional review
boards of each participating center. Informed consent was ob-
tained from each subject.

Study participants
The GOLDR (Genetics of Latino Diabetic Retinopathy)

study is a family-based study assessing diabetes and diabetic
complications in families (siblings and/or parents) of a proband,
defined as having type 2 diabetes and either known DR or a
diabetes duration of �10 years. Participants are all Latinos re-
cruited and studied at the Los Angeles BioMedical Research In-
stitute (LA Biomed) at Harbor-UCLA Medical Center.

Siblings and parents with unknown diabetes status at the time
of the study were offered an oral glucose tolerance test. The
diagnosis of diabetes was based on standard criteria from the
American Diabetes Association (10). Subjects who were deter-

mined to be nondiabetic by oral glucose tolerance test or by
fasting plasma glucose �126 mg/dL (�7.0 mmol/L) and glyco-
sylated hemoglobin (HbA1c) �6.5% at the initial study visit
and/or those with undetermined DR status from fundus photog-
raphy were removed from the analysis. In total, there were 507
subjects with type 2 diabetes from 191 families whose data were
used in the analyses for this study.

The participants’ demographics, pedigree information, med-
ical history, family history, and current medications were col-
lected. Anthropometric measurements (height, weight, waist cir-
cumference), vital signs (blood pressure and pulse), and blood
and urine samples (fasting serum glucose, HbA1c, serum lipids,
serum creatinine, and urinary albumin-to-creatinine ratio) were
measured. Body mass index (BMI) was calculated using height
and weight. The estimated glomerular filtration rate (eGFR) was
calculated using the Modification of Diet in Renal Disease
(MDRD) study equation (11).

Biochemical assays
Fasting total adiponectin (EMD Millipore) was measured us-

ing commercially available ELISA. The lower limit of sensitivity
of this assay is 0.78 �g/mL, and coefficients of variation were:
intra-assay, 1–7.4%; and interassay, 2.4–8.4%. Fasting plasma
insulin concentration was measured by Dissociation-Enhanced
Lanthanide Fluorescent Immunoassay (DELFIA; PerkinElmer
Life Sciences). The lower limit of sensitivity of this assay is 1.12
�U/mL. Homeostasis model assessment of insulin resistance
(HOMA-IR) was estimated in every participant where an insulin
result was available, using the following equation (12): HOMA-
IR � (I�G)/22.5, where I is fasting insulin (�U/mL) and G is
fasting glucose (mmol/L).

Eye phenotypes
All participants received dilated ophthalmic eye examina-

tions with seven standard 30° fields using digital stereoscopic
color fundus photography at LA Biomed. Retinal images were
evaluated by two independent masked photograders at the Oc-
ular Epidemiology Reading Center at the University of Wiscon-
sin, Madison, using the modified Airlie House classification
scheme and the Early Treatment Diabetic Retinopathy Study
(ETDRS) severity scale (13).

Analyses

DR status
Subjects were first grouped as diabetes without retinopathy vs

diabetes with retinopathy. Levels of fasting adiponectin were
compared between these two groups using the Student’s t test,
adjusting for family relationships. Analysis of HOMA-IR was
conducted in subjects without exogenous insulin usage (n �
356).

DR severity
We examined the association of adiponectin to severity of DR

using the retinopathy severity score from the ETDRS scale in
both categorical and quantitative analyses. In the categorical
analysis, subjects were grouped into five categories of increasing
DR severity as follows: no DR (levels 10–13), mild nonprolif-
erative DR (NPDR) (levels 14–20), moderate NPDR (levels 31–
43), severe NPDR (levels 47–53), and proliferative DR (PDR)
(levels 60–85), as previously described (13). In the quantitative
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analysis, the retinopathy score from the ETDRS severity scale
was utilized. The eye with the more severe retinopathy score was
used for assigning the retinopathy level for each participant.

Analyses
Statistical analyses were performed using SAS 9.1 (SAS In-

stitute Inc). A log or squared-root transformation was applied to
normalize the quantitative traits of interest, and then a normal
distribution was assumed in the analysis. The generalized esti-
mating equation methods as implemented in the GENMOD pro-
cedure of SAS were used to determine the relationship of adi-
ponectin to severity of DR. This approach uses “family” as a unit
of clustering factor to account for the dependency of familial rela-
tionship that may bias the outcome of a study. A correlation matrix
basedonfamilyrelationship is thenestimatedforparticipants inthis
study, assuming that members from the same family are correlated
and members from a different family are independent. A detailed
explanation of this approach is described elsewhere (14). Logistic
regression with multilevel link function (multinomial distribution)
was used for categorical data.

To determine whether the association was independent of
known DR risk factors, different models were used to analyze the
relationship of adiponectin to severity of DR, adjusting for po-
tential covariates. For example, in model 1, the association was
analyzed without any covariate adjustments except for family
structure. In model 2, the significance of this trend was analyzed
adjusting for family structure, age, gender, and BMI. In model 3,
the significance of this trend was analyzed adjusting for family
structure, age, gender, BMI, HbA1c, diabetes duration, statin
use, and systolic blood pressure. And finally, in model 4, the
significance of this trend was analyzed adjusting for family struc-
ture, age, gender, BMI, HbA1c, diabetes duration, statin use,
systolic blood pressure, and one of three parameters for renal
function: serum creatinine, urinary albumin-to-creatinine ratio,
or eGFR.

All statistical analyses were performed with GENMOD in
SAS, adjusting for family relationship. A P � .05 was considered

statistically significant. Data are presented as mean � SEM or
median (interquartile range [IQR]).

Results

Adiponectin and DR
A total of 507 subjects were included in this study, and

the demographics are summarized in Table 1. As expected,
cases, defined as diabetes with retinopathy (n � 290), ex-
hibited a higher level of HbA1c (P � .0001), a longer
diabetes duration (P � .0001), a higher percentage of sub-
jects using exogenous insulin injections (P � .0001), a
higher systolic blood pressure (P � .0008), and a worse
renal function (P � .0002, P � .0001, and P � .0168 for
serum creatinine, urinary albumin-to-creatinine ratio, and
eGFR, respectively), compared to the controls, defined as
diabetes without retinopathy (n � 217). Patients with DR
had higher serum adiponectin (12.9 � 0.5 vs 10.5 � 0.5
�g/mL; P � .0004) (Table 1). This difference remained
significant after adjustment for covariates including age,
gender, BMI (model 2, P � 3 � 10�5), and duration of
diabetes, HbA1c, statin use, and systolic blood pressure
(model 3, P � .0054). On further adjusting for parameters
of renal function, the association of adiponectin concen-
trations and DR severity remained significant (model 4).
We adjusted individually for each of the following: 1) se-
rum creatinine (P � .013); 2) urinary albumin-to-creati-
nine ratio (P � .018); or 3) eGFR (P � .013) (Table 2).
Serum total cholesterol, triglyceride, high-density lipopro-
tein, and low-density lipoprotein were similar between the
two groups (data previously published in Ref. 3).

Table 1. Demographics and Laboratory Results of Cohort

Controls (Diabetes � No Retinopathy) Cases (Diabetes � Retinopathy) P Value

n 217 290
Demographics

Age, y 54.1 � 0.7 53.3 � 0.6 NS
Gender, % male 30.9 41.7 .01
BMI, kg/m2 33.4 � 0.5 32.2 � 0.4 NS
HbA1c, % 7.8 � 0.1 9.0 � 0.1 �.0001
DM duration, y 7.2 � 0.5 13.7 � 0.4 �.0001
Exogenous insulin usage, % 15.7 40.3 �.0001

Blood pressure
SBP, mm Hg 127 � 1.2 133 � 1.1 .0008
DBP, mm Hg 70 � 0.7 71 � 0.6 NS

Renal function
Serum creatinine, mg/dL 0.77 � 0.07 1.1 � 0.06 .0002
Urinary albumin/creatinine ratio 34 � 87 521 � 76 �.0001
MDRD eGFR, mL/min per 1.73 m2 98.0 � 1.7 91.0 � 2.2 .0168

Metabolic markers
Adiponectin, �g/mL 10.5 � 0.5 12.9 � 0.5 .0004
HOMA-IRa 4.5 � 0.2 4.4 � 0.3 NS

Abbreviations: DBP, diastolic blood pressure; DM, diabetes mellitus; MDRD, Modification of Diet in Renal Disease Study equation; NS, not
significant; SBP, systolic blood pressure. Values are expressed as mean � SEM. P value is adjusted for family structure.
a HOMA-IR was calculated only in participants who were not receiving insulin (n � 356; of these, non-DR � 183 and DR � 173).
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Adiponectin and severity of DR
To delineate the relationship of adiponectin with se-

verity of DR, we first examined our data by DR pheno-
type, with severity defined categorically. Of the 290 cases
with DR, 85 subjects (30%) had mild NPDR, 114 (39%)
had moderate NPDR, 23 (8%) had severe NPDR, and 68
(23%) had PDR. Categorical analysis showed a linear re-
lationship between serum adiponectin level and increasing
severity of DR (median [IQR]) as follows: 9.2 [7.1–12],
8.9 [6.8–12.7], 10.4 [7.9–14.3], 12.2 [7.4–19.8], and
12.1 [8.3–19.7] �g/mL for no DR, mild NPDR, moderate
NPDR, severe NPDR, and PDR, respectively (P � 3.4 �
10�6, adjusting for family structure; Table 3).

To determine whether the identified association was
independent of other risk factors, we then analyzed the
data, adjusting for potential covariates. The relationship
of DR severity with adiponectin remained significant even
after additionally adjusting for age, gender, BMI (model 2,
P � 2.5 � 10�7), and duration of diabetes, HbA1c, statin
use, and systolic blood pressure (model 3, P � .004). On
further adjusting for parameters of renal function, the as-
sociation of adiponectin concentrations and DR severity
remained only borderline significant (model 4). We ad-
justed for each of the following: 1) serum creatinine (P �
.089); 2) urinary albumin-to-creatinine ratio (P � .048);
or 3) eGFR (P � .069) (Table 4 and Figure 1A).

We also analyzed the data quantitatively using the
ETDRS scale. Quantitative analysis of the relationship be-

tween DR severity and adiponectin concentrations also
demonstrated a borderline significant relationship with
severity of DR after adjusting for family structure, age,
gender, BMI, HbA1c, diabetes duration, statin use, sys-
tolic blood pressure, and renal function parameters
(model 4, P � .068, P � .070, and P � .069, adjusting
for creatinine, urinary albumin-to-creatinine ratio, and
eGFR, respectively; Table 4 and Figure 1B).

Adiponectin, severity of DR, and renal function
To better understand the role of kidney function in the

relationship between DR and adiponectin, we evaluated
the non-PDR groups, where eGFR was unchanged with
increasing severityofDR,98.3–100.3mL/minper1.73m2

(Table 3). Despite the similarity in eGFR across the dif-
ferent NPDR groups, adiponectin progressively and sig-
nificantly increased (P � 8.7 � 10�7) and remained sig-
nificant also after adjustment for the same cofactors used
in the previous analyses (P � .009 to .018 for categorical
analysis, and P � .019 to .048 for quantitative analysis)
(Table 4).

Relationship of insulin sensitivity to DR and
adiponectin

The finding of an increase in adiponectin concentra-
tions in patients with DR raises the possibility that regu-
lation of adiponectin is abnormal in this group. To address
this possibility, we evaluated the relationship between DR

Table 2. Comparison of Adiponectin Concentrations in Controls (Non-DR) and Cases (DR) With Different Models
of Covariate Adjustments

Controls
(n � 217)

Cases
(n � 290)

P Value Model CovariatesMeana SEM Mean SEM

Adiponectin, �g/mL 10.29 0.78 12.97 1.04 .00003 2 Family structure, age, gender, BMI
10.30 0.79 12.95 1.00 .0054 3 Family structure, age, gender, BMI, HbA1c,

DM duration, statin use, SBP
10.31 0.75 12.94 0.95 .0134 4 Model 3 plus Cr
10.11 0.71 12.82 1.00 .0184 4 Model 3 plus ACR
10.31 0.78 12.94 0.97 .0132 4 Model 3 plus eGFR

Abbreviations: DM, Diabetes Mellitus; SBP, Systolic Blood Pressure; Cr, creatinine; ACR, albumin to creatinine ratio. Models and significance,
adjusting for: 1 � family structure; 2 � family structure, age, gender, BMI; 3 � family structure, age, gender, BMI, diabetes duration, statin use,
systolic blood pressure, and HbA1c; and 4 � family structure, age, gender, BMI, diabetes duration, statin use, systolic blood pressure, HbA1c, and
creatinine or albumin-to-creatinine ratio, or eGFR, respectively.
a Mean adiponectin concentrations, adjusted for covariates, in the different models.

Table 3. Adiponectin Concentrations and Renal Function by Severity of DR

No DR Mild NPDR Moderate NPDR Severe NPDR PDR

n 217 85 114 23 68
Adiponectin, �g/mL 9.2 (7.1–12.0) 8.9 (6.8–12.7) 10.4 (7.9–14.3) 12.2 (7.4–19.8) 12.1 (8.3–19.7)
eGFR, mL/min/1.73 m2 98.3 (82.1–109.8) 101.3 (84.5–121.0) 97.6 (80.1–119.0) 100.3 (72.2–112.9) 67.7 (24.8–93.3)

Data are expressed as median (IQR) of adiponectin and eGFR by severity of DR.
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and insulin sensitivity; mean HOMA-IR in DR (4.4 � 0.3)
was not statistically different from non-DR patients (4.5 �
0.2) (n � 356; Table 1). Also, adiponectin concentrations
were elevated in this noninsulin-treated subset (10.29 �
0.8 vs 13.57 � 0.5 �g/mL in non-DR and DR, respectively;
P � .0004), which was similar to the findings in the entire
cohort. Thus, elevated adiponectin in DR patients is not
explained by a difference in insulin sensitivity between the
two groups. Increased adiponectin appears to be indepen-
dent of the degree of insulin sensitivity.

We then examined the relationship between adiponec-
tin and insulin sensitivity to determine whether abnormal
regulation might account for the higher adiponectin con-
centrations in the DR group. This was also not found to be
the explanation. In both DR and non-DR groups, there
was a statistically significant, and apparently intact, neg-
ative correlation between fasting serum adiponectin and
insulin resistance, measured as HOMA-IR (DR, r �
�0.40, P � .0001; non-DR, r � �0.31, P � .0001) (Figure
2). The intercepts were significantly different (P � .038),
although the slopes of the regressions were not.

Discussion

This study provides evidence that in Latinos with type 2
diabetes, serum adiponectin concentrations are signifi-
cantly elevated in patients with DR compared to those
without DR, and furthermore, are cross-sectionally asso-
ciated with DR severity. This relationship remains signif-
icant after controlling for previously known confounding
risk factors for DR, including age, gender, BMI, glycemic
control, diabetes duration, statin use, systolic blood pres-
sure, and renal function. These results are consistent with
our prior finding that inflammation may have an impor-
tant role in the development and progression of DR (3). In
that earlier study, elevated soluble TNF-R1 and TNF-R2
in DR were found, suggesting that insulin resistance,
which is closely associated with inflammation in type 2
diabetes, may be integral to DR and its severity (3).

The mechanism for the increase in serum adiponectin is
not clear. Typical influences on adiponectin concentra-
tions do not explain elevated levels in the DR group. Thus,
elevated adiponectin observed in DR was independent of

Figure 1. Graphs of adiponectin with severity of DR, analyzed categorically (A) and quantitatively (B). Reported P values are analyses conducted in
model 3 (*) (defined as adjusting for family relationship, age, gender, BMI, diabetes duration, statin use, systolic blood pressure, and HbA1c) and
model 4 (†) (defined as adjustment with model 3 plus one of three different measures of renal function).

Table 4. Statistical Analysis of Adiponectin by DR Severity in NPDR, or in All DR, With Different Models of
Covariate Adjustments

P Value of Different Models

NPDR All DR

1 2 3 4a 1 2 3 4a

Categorical 8.65E-04 5.69E-05 .004 .018 3.37E-06 2.50E-07 .004 .089
.011 .048
.009 .069

Quantitative 2.21E-03 1.07E-04 .009 .048 1.01E-05 3.55E-07 .004 .068
.036 .070
.019 .069

All DR includes both NPDR and PDR. Models and significance, adjusting for: 1 � family structure; 2 � family structure, age, gender, BMI; 3 �
family structure, age, gender, BMI, diabetes duration, HbA1c, statin usage, and systolic blood pressure; a 4 � model 3 plus 1 of 3 different
measures of renal function (creatinine or albumin-to-creatinine ratio or eGFR, respectively).

3352 Kuo et al Serum Adiponectin in Diabetic Retinopathy J Clin Endocrinol Metab, September 2015, 100(9):3348–3355

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/100/9/3348/2836055 by guest on 16 August 2022



gender, which was adjusted for in the regression analysis.
Also, adiponectin was elevated despite a greater percent-
age of males in the DR group, which would typically be
associated with lower adiponectin levels. Alteration in in-
sulin sensitivity also does not explain elevated adiponectin
because mean HOMA-IR is similar in each group. Fur-
thermore, the relationship of insulin sensitivity and adi-
ponectin is intact, reflected by our data that higher levels
of HOMA are associated with lower levels of adiponectin.
This relationship was similar whether or not the patients
had DR.

Elevated adiponectin has been described in other dia-
betic settings (15–19). Adiponectin concentrations are
higher in patients with type 1 diabetes (15). DR in type 1
diabetes is also associated with elevated adiponectin when

compared with non-DR patients
(16). Increasing adiponectin levels
were observed with larger excretion
of albuminuria (17). In a study of
Japanese type 2 diabetes patients,
Kato et al (18) found that adiponec-
tin was elevated in patients with
PDR. Moreover, adiponectin con-
centrations are increased in the aque-
ous humor and plasma of PDR
subjects (19). DR and diabetic ne-
phropathy are closely associated, but
the elevated adiponectin seen in DR
is likely independent of alterations in
kidney function. Elevation of adi-
ponectin in persons with DR in this
study remained significant after ad-
justment for renal function covari-
ates, reflecting the findings that adi-
ponectin clearance is predominantly
hepatic (20). Adiponectin was also
positively correlated with severity of
DR in patients with NPDR, signifi-
cant also after all covariate adjust-
ments. When the PDR group was
included, this relationship was atten-
uated by adjustments, possibly an in-
fluence of the severe eGFR reduction
in the PDR group.

An explanation for the paradoxi-
cal finding of elevated adiponectin in
DR is that adiponectin may have a
dual role, both proinflammatory and
anti-inflammatory (21). Several re-
ports demonstrated a negative cor-
relation of adiponectin and markers
of inflammation for conditions such
as type 2 diabetes, obesity, metabolic

syndrome, and cardiovascular diseases, where adiponec-
tin levels are usually low (22). In these conditions, adi-
ponectin can exert a number of anti-inflammatory activ-
ities, including inhibition of proinflammatory cytokines
(TNF-�, IL-6), prevention of vascular cell adhesion mol-
ecule 1 (VCAM-1) expression, induction of anti-inflam-
matory cytokines (IL-10), and endothelial cell protection
(4, 22, 23). On the other hand, adiponectin is positively
correlated with markers of inflammation in classic chronic
inflammatory and autoimmune diseases (21) and type 1
diabetes (16). In addition, adiponectin has been shown to
be angiogenic (24). It is unclear whether this plays any role
at all in the angiogenesis associated with PDR. Thus, adi-
ponectin exerts differential functions, and its effect in DR,

Figure 2. Scatter plots of the relationship between lnAdiponectin and lnHOMA-IR in
participants with DR (E—E; solid line) and without DR (�—�; dotted line), conducted in all
patients (n � 507) (A) and in a subset of patients not using exogenous insulin (n � 356) (B).
Slopes of the regressions in each panel are similar. Intercepts are different in panels A and B.
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a complication of both type 1 and type 2 diabetes, remains
unclear.

An alternate explanation for the increased concentra-
tion of adiponectin in DR is a possible role in tissue injury
and repair. A number of studies have shown that adi-
ponectin is up-regulated in damaged tissues. For example,
adiponectin mRNA is detected in the liver of a mouse
model of hepatic injury (25) and is up-regulated in skeletal
muscle cells with oxidative stress in a type 2 diabetes
mouse model (26). Adiponectin has been shown to regu-
late myocardial remodeling after acute injuries and has
cardioprotective mechanisms (27), and it may act in a pro-
tective role in states of injury. Finally, and importantly for
any putative direct role in retinal physiology or disease,
adiponectin receptors were recently demonstrated in the
human and mouse retina (28).

If increased adiponectin is a physiological rather than
pathological response to injury, one might expect that
physiological regulation may be retained. Therefore, our
finding of an intact adiponectin/insulin-sensitivity rela-
tionship is a potentially important corollary if the elevated
levels of adiponectin represent a physiological response in
DR. Another example of a residual normal relationship
between adiponectin and insulin sensitivity in the face of
hyperadiponectinemia is type 1 diabetes (15). It was sug-
gested that the adiponectin/insulin sensitivity relationship
may be set at a different level, with higher adiponectin
concentrations for a given level of insulin sensitivity (15).
An altered set-point, or adiponectin resistance, could also
apply to our cohort of Latinos with type 2 diabetes, where
we demonstrate higher levels of adiponectin in DR for any
given level of insulin sensitivity, yet with similar relation-
ships between adiponectin and insulin sensitivity in DR
and non-DR groups.

The strengths of the present study include a large cohort
of Latinos with type 2 diabetes with well-characterized
phenotypes and a standardized DR grading system using
the modified Airlie House classification and the ETDRS
scale. A few limitations should be addressed. First, the
cross-sectional nature of the study design cannot indicate
a causal relationship between adiponectin and DR. Sec-
ond, using the generalized estimating equation methods
needed to adjust for family relationship is a less powerful
approach compared to a standard case-control analysis.
Third, HOMA-IR is a useful surrogate for more sophis-
ticated measures of insulin sensitivity and is appropriate
for large studies of this sort, but it is not as good a model
as the “gold standard” euglycemic clamp method. Type 2
diabetes and its treatment may also influence insulin and
glucose concentrations used to calculate HOMA-IR.
However, our finding of an intact relationship between

adiponectin and HOMA-IR provides a measure of validity
for using this estimate for insulin sensitivity in this cohort.

In summary, we found that serum adiponectin concen-
trations are elevated in DR of Latinos with type 2 diabetes
and are significantly associated with DR severity after ad-
justing for potential covariates. This elevation of adi-
ponectin in DR patients occurs despite a similar degree of
insulin resistance in the non-DR group, and while retain-
ing an intact relationship to insulin sensitivity in both
groups. Although adiponectin is a useful marker for in-
sulin resistance, it also exerts pleiotropic effects. In DR, it
is possible that adiponectin is a marker for retinal injury,
that it mediates angiogenesis, or that elevated adiponectin
may represent a state of adiponectin resistance with an
altered set-point in relation to insulin sensitivity. These
findings should be examined further in mechanistic
studies.
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