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Abstract

Introduction: Chronic inflammation is associated with the development, progression and long-term complications
of type 2 diabetes. Hyperglycemia is associated with chronic low-grade inflammation, and thus has become the focus
of many screening and treatment recommendations. We hypothesize that insulin may also be associated with inflam-
mation and may be an additional factor to consider in screening and treatment.

Methods: This study used National Health and Nutrition Examination Survey data from 2005 to 2010 to analyze the
association between fasting insulin and C-reactive protein (CRP). A two-part model was used due to the high number
of values reported as 0.1 mg/L. Two models were analyzed, both with and without the addition of waist circumfer-
ence to other covariates in the model.

Results: The final sample included 4527 adults with a mean age of 43.31 years. In the first model, higher fasting insu-
lin was associated with increased odds of CRP>0.1 mg/L (OR=1.02, p <.001) and with higher CRP (3 =0.03, p<.001).
In the adjusted model, including waist circumference as a covariate, higher fasting insulin was not associated with
CRP>0.1 mg/L (OR=1.00, p=.307) but the association between higher fasting insulin and higher continuous CRP
remained significant (3=0.01, p=.012).

Conclusion: This study found that higher fasting insulin is associated with higher CRP. These results suggest that

treatment approaches that simultaneously decrease insulin levels as well as glucose levels may provide additive anti-
inflammatory effects, and therefore may improve long-term outcomes for adults with type 2 diabetes.

Keywords: Inflammation, Diabetes, Insulin, CRP

Type 2 diabetes (T2DM) affects over 30 million U.S.
adults and an additional 88 million U.S. adults are esti-
mated to have prediabetes [1]. A growing body of litera-
ture demonstrates that inflammation is involved in the
development, progression and long-term complications
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of type 2 diabetes (T2DM), and visceral adipose tissue
and proinflammatory cytokines play a key role [2—4]. Vis-
ceral adipose tissue (i.e., fat stored in the abdominal cav-
ity) promotes more inflammation than fat in other loca-
tions (e.g., subcutaneous tissue) [3, 4]. It is metabolically
active and attracts macrophages, which then secrete pro-
inflammatory cytokines [3, 4].

Hyperinsulinemia [5-7], defined by insulin secre-
tion higher than normal relative to blood glucose lev-
els [8], may be one proinflammatory factor associated
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with numerous ill health effects including heart disease
[9-11] and stroke [12]. CRP (using a log transformation
to approximate a normal distribution) was associated
with the markers of insulin resistance and fasting insu-
lin among a nondiabetic population, and the relationship
was attenuated after controlling for waist circumference
[13]. A positive association between fasting insulin and
hs-CRP was also reported in a population not taking
glucose-lowering medications [7] and between fasting
insulin and CRP among nondiabetic females [6]. Addi-
tionally, an association between insulin and inflammation
was observed in populations with T2DM and hypergly-
cemia [14].The mechanism by which hyperinsulinemia
promotes inflammation is not clearly defined but may
be related to its positive effect on body weight and vis-
ceral adiposity [15-17]. However, strategies to support
a relative reduction in serum insulin levels may reduce
inflammation and its health consequences, including pre-
diabetes and T2DM.

Strategies to reduce serum insulin levels may include
weight loss, dietary modifications (e.g., carbohydrate
restriction, intermittent fasting) or use of certain anti-
hyperglycemic agents among patients with T2DM. Such
strategies may align with the American Diabetes Asso-
ciation’s latest clinical practice guidelines, which sup-
port a paradigm shift in T2DM management away from a
“one-size-fits all” glucocentric treatment towards a more
nuanced, patient-centered approach, which aims to miti-
gate adverse cardiovascular events. Glycemic control is
more effective at preventing microvascular complications
such as retinopathy, nephropathy, and neuropathy than
macrovascular outcomes such as cardiovascular disease
[18]. Understanding the relationship between insulin and
inflammation may have important implications for the
treatment and prevention of T2DM, especially because
many of the pharmaceutical treatments for T2DM
increase insulin levels through endogenous or exoge-
nous means [19]. This is addressed in the new guidelines,
which favor newer medications shown to reduce vascular
complications over older agents [20].

The proinflammatory features of hyperglycemia make
it difficult to separate the effects of increasing insulin
from its glucose-lowering effects in participants with
T2DM. Additionally, insulin levels vary with T2DM
duration and treatment, partly due to hyperglycemia,
beta cell failure, and glucose-lowering medications. For
these reasons it is difficult to discern the relationship
between insulin and the inflammatory CRP marker in a
population with T2DM. The relationship between insulin
and inflammation independent of visceral adipose tissue
remains unclear. The present study will extend previous
findings by utilizing differing methodology to account
for the large number of near zero values, a larger sample,
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and more recent cycles of NHANES data. Finally, we will
extend previous research by using a two-part model that
accounts for the semi-continuous data to provide a post-
estimation prediction of the actual difference in CRP
based on tertiles of fasting insulin to estimate the clinical
significance.

Objective

The objective of the present study was to examine the
independent association between fasting insulin and the
inflammatory marker CRP in individuals without diabe-
tes. In addition, we examined the role of visceral adipos-
ity in this relationship.

Methods

Data on CRP, fasting insulin, obesity-related measure-
ments and other characteristics were collected from
the National Health and Nutrition Examination Sur-
vey (NHANES) 2005-2010, conducted by the National
Center for Health Statistics (NCHS) in the Centers for
Disease Control and Prevention. All the participants
signed written consent, and the surveys were approved
by the NCHS Institutional Review Board. Interviews and
physical examinations were completed on a nationally
representative sample of non-institutionalized individu-
als in the United States. A multi-stage sampling design
with weighted domains was used to provide national esti-
mates. Details of the sampling design and guidelines for
the NHANES study have been described elsewhere [21].

Participants

To address the issues related to insulin and glucose lev-
els in participants with T2DM noted above, our sam-
ple included adults aged 20 years and older without a
diagnosis of diabetes. While we did not exclude anyone
based on an upper age limit, NHANES reported the age
of all individuals aged 85 years and older as age 85 for
the 2005-2006 cycle. This was decreased to all individu-
als aged 80 and over reported as age 80 for 2007-2010
cycles. This allows them to ensure anonymity of par-
ticipants due to fewer individuals in higher age groups.
To reduce the bias in examining the independent asso-
ciations between fasting insulin and CRP, and make our
analysis consistent with previous NHANES surveys, we
excluded individuals younger than 20 years of age, those
who have a self-reported diagnosis of diabetes, use glu-
cose-lowering medications, use cholesterol-lowering
medications (having an anti-inflammatory effect) [22],
or who were pregnant (due to changing physiology and
waist circumference in pregnancy). The diabetes ques-
tionnaire provided information on the use of glucose-
lowering medications or insulin injections.
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Measures

CRP

High-sensitivity C-reactive protein (hs-CRP) is an
acute-phase reactant produced in the liver and a sen-
sitive marker of low-grade inflammation [23]. Detec-
tion of CRP was done by latex-enhanced nephelometry
using a Siemens/Behring Nephelometer, which allowed
a conversion of the intensity of reflected light to milli-
grams of CRP per deciliter (mg/dL). The lowest report-
able value was 0.02 mg/dL, everyone at or below the
detection limit had a value reported as 0.01 mg/dL.
Results were converted to mg/L to provide consist-
ency with AHA risk categories. Equipment or reporting
changes were not made during the three cycles of data
used. Chronic conditions such as arthritis and smoking
may raise the levels of CRP [24].

Fasting insulin

Only subjects who fasted overnight and were tested in
the morning session were included in the study. Insulin
was detected in picomoles per liter (pmol/L) with the
Merocodia Insulin ELISA, in late 2009 it was changed
to the Roche chemiluminescent immonoassay using the
Elecsys 2010 analyzer [25].

Fasting glucose

This test was completed on refrigerated serum. During
the 2007-2010 cycles, plasma was used on the Hexoki-
nase-mediated reaction Roche/Hitachi Modular P
Chemistry Analyzer. The 2005-2006 results were com-
pleted on the Roche/Hitachi 911 Analyzer. Results were
reported in millimoles per liter (mmol/L) [26-28].

Hemoglobin Alc (HbATc)

This test was completed on whole blood samples col-
lected in an EDTA tube. During 2005-2006, the Toshoh
Alc 2.2 Plus Glycohemoglobin Analyzer was used. A
change was made 6 months into the 2007-2008 cycle
to the G7 HPLC Glycohemoglobin Analyzer, which was
used through 2010 [29-32].

Waist circumference

Waist circumference was measured with a flexible
measurement tape in centimeters by trained health
technicians. The anatomical landmark was the lateral
border of the right ilium. A cosmetic pencil was used
to note this landmark just above its uppermost lateral
border.
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Physical activity status

Physical activity status was established using the Global
Physical Activity Questionnaire (GPAQ) [33]. This scale
has been validated against accelerometer measurements.
There was a moderate correlation between the self-
reported questionnaires and accelerometer data with a
wide interquartile range [34]. To reduce recurring small
changes in surveys over the years, select survey ques-
tions/variables were dichotomized into subjects who
participated in moderate or vigorous physical activity,
or reporting no moderate or vigorous physical activity.
These variables were then merged to create one dichoto-
mous variable indicating whether the participant self-
reported moderate or vigorous physical activity.

Smoking status
Smoking status was dichotomized into current smoker
or non-smoker. Former smokers were categorized as
non-smokers.

Demographic and socioeconomic factors

Age in years (analyzed as a continuous variable), race
and ethnicity (non-Hispanic White/non-Hispanic Black/
Other/Mexican or Hispanic), gender, and poverty-
income ratio were obtained for each participant. Poverty-
income ratio is a measure used by NHANES to provide
an index of the ratio of family income to poverty. Family
household income is used to calculate this measure. Fam-
ilies are defined as those residing together and related
by birth, marriage, or adoption. Their total income from
all sources, including wages, retirement income, disabil-
ity payments, interest income, and assistance programs
is used. Poverty level, set by the Department of Health
and Human Services (HHS) poverty, are guidelines
issued each year to qualify for many assistance programs.
The ratio was then calculated by the ratio of total fam-
ily income to poverty level. NHANES reports any value
greater than 5 as 5, and a higher index indicated higher
income. The value is reported as missing if family income
is not reported [35].

Statistical analyses
Summary characteristics provide nationally representa-
tive estimates and are adjusted for the complex sampling
design. Continuous variables that have highly skewed dis-
tributions are described using the median and interquar-
tile range. Unadjusted estimates were analyzed using a
generalized linear model (GLM) with a gamma distribu-
tion and identity link function and with the appropriate
fasting sample weights.

The main objective of the study is to model the asso-
ciation between fasting insulin and C-Reactive Protein
(CRP). The CRP distribution was characterized by a
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significant spike at 0.1 mg/L. The values above 0.1 mg/L
had a highly right skewed distribution. Values reported
as 0.1 mg/L were recoded as zero for regression model
purposes. A two-part model was employed to analyze the
zero-inflated semi-continuous data. The two-part model
is a mixture of two components; one that models the like-
lihood of zeros (typically a logistic regression model) and
the other models the distribution of the non-zero part of
the data. In our case, the non-zero part is modeled as a
gamma distribution and identity link function to con-
form to the heavy skewness.

Two adjusted models were developed. The first model
controlled for age, race, gender, smoking status, physical
activity, and poverty-income ratio, but did not control for
waist circumference. The second model controlled for
waist circumference and the covariates of the first model.
These models tested the hypothesis that there was an
independent association between fasting insulin and CRP,
after controlling for visceral adipose tissue (as reflected
in waist circumference). The model also provides the
predicted CRP for each level of all categorical variables
to aid in quantifying the clinical relevance. Adjusted two-
part models use males, non-Hispanic White race, non or
former smokers, and no physical activity as the reference
groups. All analyses were performed using Stata version
16, College Station, TX.

Results

The final sample included 4527 adults with a mean age of
43.31 years, 49.03% of them male, 12.53% of Mexican or
other Hispanic ethnicity, 70.52% of non-Hispanic White,
10.73% of non-Hispanic Black, and 6.22% who identified
as another race or multi-racial. Their mean BMI charac-
terized them as overweight, and their fasting insulin was
at the high end of normal relative to their normal blood
glucose. The summary characteristics are presented in
Table 1.

There was a significant unadjusted association between
fasting insulin and CRP ($=0.03, CI 0.02, 0.03, p<.001)
which remained after adjusting for all covariates except
waist circumference in the first two-part model. Unad-
justed estimates are presented in Table 2.

In the logit portion of the two-part model, the likeli-
hood of non-zero CRP based on fasting insulin, was sta-
tistically significant (OR=1.02, CI 1.01, 1.03 p<.001),
for every one-unit increase in fasting insulin the likeli-
hood of a non-zero CRP increased by 2%. In the GLM
part of this model, the adjusted association between
fasting insulin was significantly associated with CRP
(p=0.03, CI 0.02, 0.04, p<.001). Although the beta
estimates may appear small, it represents the increase
in predicted CRP for each unit increase of insulin and
is a clinically significant association. A fasting insulin of
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Table 1 Summary characteristics among adults without
diabetes
Variable N=4527
Categorical, N in millions (%)
Sex
Male 7543 (49.03)
Female 7839 (50.97)
Race
Non-Hispanic White 108.48 (70.52)
Mexican/other Hispanic 19.27 (12.53)
Non-Hispanic Black 16.50 (10.73)
Other race/multi 9.57(6.22)
Smoking
Non/former smoker 117.81 (76.59)
Current smoker 36.01 (23.41)
Physical activity
No 37.59 (24.44)
Yes 116.23 (75.56)
Continuous, mean (SE) or median (IQR) based on distribution
Age years, mean (SE) 4331 (0.40)
Poverty-income ratio, Mean (SE) 3.06 (0.04)
Waist circumference cm, mean (SE) 96.08 (0.38)
Weight kg, mean (SE) 80.88 (0.38)
Body mass index kg/m? mean (SE) 28.01(0.13)
Fasting glucose mmol/L, mean (SE) 548 (0.02)
Hemoglobin Alc %, mean (SE) 535(0.01)
Fasting insulin pmol/L, median (IQR) 56.04 (36.00, 90.84)
CRP mg/L, median (IQR) 1.5 (0.60, 4.00)

Mexican/other Hispanic: Mexican or other Hispanic ethnicity; other race/multi:
other race or Multiracial; SE: standard error

Median and interquartile range (IQR) used for highly right skewed distributions
National estimates based on complex survey design

less than 60 pmol/L had a predicted CRP of 2.86 mg/L
(CI 2.66, 3.06), 60—119 pmol/L had a predicted CRP
of 4.39 mg/L (CI 3.98, 4.80), and a fasting insulin of
120 pmol/L or higher had a predicted CRP of 7.58 mg/L
(CI 6.37, 8.79). The results from the reduced model
including the predicted CRP based on each level of cat-
egorical variable are presented in Table 3.

In the second model, which added waist circumference
as a covariate, we found the odds of having a non-zero
CRP based on fasting insulin was no longer statistically
significant in the logit portion of the model (OR=1.00,
CI 0.99, 1.00 p=.307), while in the GLM portion of the
model the association between fasting insulin and CRP
remained significant ($=0.01, CI 0.002, 0.02, p=.012).
The predicted CRP based on category of fasting insulin
in the model, was 2.94 mg/L (CI 2.74, 3.14) for those with
a fasting insulin of less than 60 pmol/L, 4.42 mg/L (CI
4.05, 4.79) for those with a fasting insulin between 60 and
119 pmol/L, and 6.39 mg/L (CI 5.28, 7.50) for those with



Missel et al. Diabetol Metab Syndr (2021) 13:29

Table 2 Unadjusted associations between covariates and CRP

Covariate B (p-value)
Age, years 0.06 (<.001)*
Sex
Male 0.0 (Reference)
Female 1.07 (<.001)*
Race
White 0.0 (Reference)
Mexican/Hispanic —0.01(959)
Black 0.57 (017)*
Other/multi — 141 (<.001)*
Poverty-income ratio —0.30(<.001)*
Smoking
Non-smoker 0.0 (Reference)
Current smoker 0.69 (011)*
Physical activity
No 0.0 (Reference)
Yes —1.89 (<.001)*
Fasting Insulin, pmol/L 0.03 (<.001)*

White: Non-Hispanic White; Mexican/Hispanic: Mexican or other Hispanic
ethnicity; Black: non-Hispanic Black; Other/multi: other race or Multiracial

p-value calculated using GLM. Reference is the reference group used in the
regression, so p-value not provided

*Significant at p-value of .05

National estimates based on complex survey design

a fasting insulin of 120 pmol/L or more demonstrating
the clinical significance of this relationship. The relation-
ship between the highest level of fasting insulin and CRP
is attenuated in the full model controlling for waist cir-
cumference. These results are presented in Table 4. The
predicted CRP for each level of each categorical variable
are presented in Table 4.

Discussion

This analysis found that fasting insulin was associated
with CRP which remained while controlling for waist
circumference. In the reduced model, which did not con-
trol for waist circumference, both the odds of having an
CRP higher than 0.1 mg/L (OR=1.02, p<.001) and the
association between fasting insulin and CRP in the GLM
model (3=0.03, p<.001) were statistically significant. In
the full model which also controlled for waist circumfer-
ence, the logit portion of the model was no longer signifi-
cant (OR=1.00, p=.307), and statistical significance was
maintained in the GLM (3 =0.01, p=.012), although the
relationship was attenuated for the highest level of insu-
lin. Furthermore, the predicted CRP based on category of
fasting insulin in the full model which also controlled for
waist circumference, was 2.94 mg/L in the lowest tertile
fasting insulin, 4.42 mg/L for those in the moderate ter-
tile, and 6.39 mg/L in the highest tertile.
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The present results confirm a previous report of the
association between insulin and CRP while controlling
for waist circumference [13]. Both our and Meng et al.
(2007) studies support the conclusion that this relation-
ship between fasting insulin and inflammation is inde-
pendent of waist circumference. Additionally, our full
model illustrates that while all tertiles predict a CRP
above the American Heart Association guidelines stat-
ing that an hs-CRP of 2.0 or higher is an atherosclerotic
cardiovascular disease (ASCVD) risk enhancer, the risk
increases with increased fasting insulin level [36].

The association between insulin and inflammation may
have implications for treatment of those with T2DM.
A direct association between CRP and both insulin use
and dose were found in participants with a body mass
index (BMI) of less than 30, but not in obese partici-
pants [14]. Current T2DM treatment guidelines recom-
mend specific glycemic targets without consideration
for the treatments’ effect on insulin. Many glucose-low-
ering medications increase insulin levels such as sulfo-
nylureas and exogenous insulin, while other therapies
decrease insulin requirements such as metformin [37]
and sodium-glucose cotransporter 2 inhibitors (SGLT-2s)
[18]. Other medications such as glucagon-like peptide-1
receptor agonists (GLP-1s) have mixed effects as they
increase postprandial insulin but may decrease insulin
secretion over time due to effects on appetite, weight, and
insulin resistance [38, 39]. Current medication guidelines
recommend metformin as the first line of treatment [19,
40]. Additionally, SGLT-2 or GLP-1s are recommended
for patients with established or at high risk for athero-
sclerotic cardiovascular disease [40] and have been found
to decrease mortality and cardiovascular disease in peo-
ple with type 2 diabetes [40].

Medications such as metformin [41] and SGLT2s [18]
have cardiovascular benefits that are not attributed to
the decrease in HbAlc. Controlling HbAlc is more effec-
tive at preventing microvascular complications such as
nephropathy and retinopathy, than macrovascular out-
comes such as cardiovascular disease [18]. Metformin
and SGLT-2s improve many markers beyond HbAlc,
including hyperinsulinemia [18, 41, 42]. Addition-
ally, GLP-1s improve insulin-sensitivity [39] which may
decrease hyperinsulinemia over time. GLP-1s exhibit
anti-inflammatory effects, although the mechanism by
which this occurs is still being investigated [38]. If higher
insulin levels are associated with higher levels of inflam-
mation, using therapies such as SGLT-2s that acutely
decrease insulin levels and GLP-1s that may decrease
insulin levels over time, while simultaneously lowering
glucose levels, should be recommended for obese peo-
ple with T2DM if additional pharmacotherapy is needed
in addition to, or in place of, metformin. Based on the
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Table 3 Reduced model: two-part model effects between fasting insulin and CRP among adults without diabetes

Covariate Logit model GLM model Combine two-part model
Predictive margins
OR p-value B p-value Predicted CRP mg/L (Cl)
Age, years 1.05 <.001 0.02 013
20-39 3.56 (3.26, 3.85)
40-59 4.07 (3.72,442)
60-85 462 (4.03,5.22)
Sex
Male Reference 3.78 (3.31,4.25)
Female 0.83 373 073 001 4.22(3.90,4.53)
Race
Non-Hispanic White Reference 3.92(3.57,4.27)
Mexican/other Hispanic 229 013 0.06 851 441 (3.80,5.03)
Non-Hispanic Black 0.75 204 0.41 149 472 (4.23,521)
Other race/multi 0.51 037 —0.81 <.001 296 (251,341)
Poverty-income ratio 1.02 673 —0.08 .168
<130% FPR 478 (4.35,5.22)
130-349% FPR 4.18(3.83,4.53)
>=350% FPR 3.51(3.17,3.86)
Smoking
Non/former smoker Reference 3.83(346,4.21)
Current smoker 1.26 280 1.26 <.001 462 (4.08,5.17)
Physical activity
No Reference 5.19(4.66,5.72)
Yes 1.08 757 —0386 .008 3.55(3.21,3.89)
Fasting Insulin, pmol/L 1.02 <.001 0.03 <.001
<60 2.86 (2.66, 3.06)
60-119 4.39(3.98,4.80)
>120 7.58(6.37,8.79)

Mexican/other Hispanic: Mexican or other Hispanic ethnicity; Other race/multi: other race or Multiracial; CRP: C-reactive protein; OR: odds ratio; Cl: confidence interval;

FPR: federal poverty ratio

Reduced Model: controlling for age, sex, race, socioeconomic status (poverty-income ratio), smoking status, physical activity, and fasting insulin

Two-part regression model used; reference group is the reference group used for each categorical variable

Each level of categorical variable used to provide a predicted CRP based on the model

National estimates based on complex survey design

promising effects from medication trials, dietary strate-
gies capable of simultaneously decreasing insulin and
glucose levels may have similar positive cardiovascular
benefits. However, future studies are need to ascertain
if the choice of pharmacotherapy, namely those that
decrease insulin levels, decreases CRP or other markers
of chronic inflammation in this population.

Limitations of the present study include its cross-sec-
tional nature and consequent inability to determine cau-
sality. The interplay between insulin and inflammation
and between insulin, inflammation, and diabetes is com-
plex and likely influenced by metabolic dysfunction, and
therefore, the results of the present study may not gener-
alize to a population of adults with T2DM. Additionally,

we were not able to control for all medications which
may decrease inflammation due to the lower response
rates and the inability to distinguish between daily and
sporadic use on this section of the survey. Despite these
limitations, this study does provide insight into the asso-
ciation between fasting insulin and CRP in adults with-
out diabetes.

This study found an association between fasting insu-
lin and CRP that persisted after controlling for waist
circumference, demonstrating a relationship inde-
pendent of adiposity. These results suggest that treat-
ment approaches that simultaneously decrease insulin
levels as well as glucose levels may provide additive
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Table 4 Full model: two-part model effects between fasting insulin and CRP among adults without diabetes

Covariate Logit Model GLM Model Combine two-part model
Predictive margins
OR p-value B p-value Predicted CRP mg/L (Cl)

Age, years 1.02 002 0.01 015

20-39 345(3.17,3.73)

40-59 4.01(3.70,4.33)

60-85 440 (3.98,4.82)
Sex

Male Reference Reference 3.67(3.23,411)

Female 1.62 046 0.96 <.001 4.09 (3.81,4.36)
Race

Non-Hispanic White Reference Reference 3.76 (3.45,4.08)

Mexican/other Hispanic 212 027 038 241 430 (3.62,4.99)

Non-Hispanic Black 0.83 447 041 094 4.54(4.07,5.01)

Other race/multi 0.81 528 0.11 620 3.32(2.87,3.76)
Poverty-income ratio 1.01 835 —0.14 004
<130 FPR 4.63 (4.20,5.06)

130-349% FPR 4.09 (3.77,441)
>=350% FPR 3.39(3.09, 3.69)
Smoking

Non/former smoker Reference 3.71(3.39,4.03)

Current smoker 1.40 121 122 <.001 4.50(3.88,5.12)
Physical activity

No Reference 487 (4.39,5.34)

Yes 1.07 796 —052 .050 3.52(3.21,3.83)
Waist circumference, cm 113 <.001 0.07 <.001

Females <=88.9 cm (35 in) 2.53(2.25,2.82)

Females>88.9 cm (35in) 5.11(4.75,5.47)

Males <=101.6 cm (40 in) 262 (2.31,2.93)

Males>101.6 cm (40 in) 493 (4.28,5.58)
Fasting Insulin, pmol/L 1.00 307 0.01 012

<60 294 (2.74,3.14)

60-119 442 (4.05,4.79)

>120 6.39 (5.28,7.50)

Mexican/other Hispanic: Mexican or other Hispanic ethnicity; Other race/multi: other race or Multiracial; CRP: C-reactive protein; OR: odds ratio; Cl: confidence interval;
FPR: federal poverty ratio

Full Model: controlling for age, sex, race, socioeconomic status (poverty-income ratio), smoking status, physical activity, waist circumference and fasting insulin
Two-part regression model used; reference group is the reference group used for each categorical variable

Each level of categorical variable used to provide a predicted CRP based on the model

National estimates based on complex survey design

anti_inﬂammatory effects, and therefore may improve methods, writing; XL: expertise with NHANES, methods, writing. All authors
long-term outcomes for adults with type 2 diabetes. read and approved the final manuscript

Funding

The first author was supported by the Institute for Healthcare Policy and Inno-
vation Summer Student Fellowship Program and as a Robert Wood Johnson
Foundation Future of Nursing Scholar.

Acknowledgements
Dr. Katarina Borer for content expertise.

Authors’ contributions
ALM: original idea, methods, data analysis, writing; LRS, DHG, DM: content

: " L : ) Availability of ial
expertise, writing; AS: methods, statistical analysis; CRR: content expertise, vailability of data and materials

The datasets generated and analyzed during the current study are publicly
available on the website https://www.cdc.gov/nchs/nhanes/index.htm.


https://www.cdc.gov/nchs/nhanes/index.htm

Missel et al. Diabetol Metab Syndr (2021) 13:29

Declarations

Ethics approval and consent to participate

Secondary analysis using publicly available data, we did not apply for addi-
tional IRB approval. Original study approved by the NCHS Research Ethics
Review Board.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no completing interests.

Author details

! Department of Learning Health Sciences, Medical School, University

of Michigan, 1160 NIB 300, Ann Arbor, MI 48104, USA. 2 Department of Health
Behavior and Biological Sciences, School of Nursing, University of Michigan,
Ann Arbor, MI, USA.  Internal Medicine, Medical School, University of Michi-
gan, Ann Arbor, MI, USA. 4VA Ann Arbor Healthcare System, Ann Arbor, M,
USA. > Family Medicine, Medical School, University of Michigan, Ann Arbor, M,
USA. ¢ Department of Biostatistics, School of Public Health, University of Michi-
gan, Ann Arbor, MI, USA. 7 Systems, Populations and Leadership, University

of Michigan, Ann Arbor, MI, USA.

Received: 18 November 2020 Accepted: 26 February 2021
Published online: 10 March 2021

References

1. US. Department of Health and Human Services Centers for Disease Con-
trol and Prevention. National Diabetes Statistics Report 2020: Estimates of
Diabetes and Its Burden in the United States. 2020.

2. Donath MY, Shoelson SE. Type 2 diabetes as an inflammatory disease. Nat
Rev Immunol. 2011;11(2):98-107.

3. Panee J. Monocyte chemoattractant protein 1 (MCP-1) in obesity and
diabetes. Cytokine. 2012;60(1):1-12.

4. Makki K, Froguel P, Wolowczuk |. Adipose tissue in obesity-related
inflammation and insulin resistance: cells, cytokines, and chemokines. Int
Scholar Res Netw Inflamm. 2013;2013:1-12.

5. Pedersen DJ, Guilherme A, Danai LV, Heyda L, Matevossian A, Cohen J,
et al. A major role of insulin in promoting obesity-associated adipose
tissue inflammation. Mol Metab. 2015;4(7):507-18.

6. Pradhan AD, Cook NR, Buring JE, Manson JE, Ridker PM. C-reactive protein
is independently associated with fasting insulin in nondiabetic women.
Arterioscl Thromb Vasc Biol. 2003;23(4):650-5.

7. Yang JS, Gerber JN, You HJ. Association between fasting insulin and high-
sensitivity C reactive protein in Korean adults. BMJ Open Sport Exer Med.
2017;3(1):1-7.

8. Thomas DD, Corkey BE, Istfan NW, Apovian CM. Hyperinsulinemia: an
early indicator of metabolic dysfunction. J Endocr Soc. 2019;3(9):1727-47.

9. Cabrera De Ledn A, Oliva Garcia JG, Marcelino Rodriguez I, Aimeida
Gonzalez D, Aleman Sanchez JJ, Brito Diaz B, et al. C-peptide as a risk
factor of coronary artery disease in the general population. Diabetes Vasc
Dis Res. 2015;12(3):199-207.

10. Després J-P. Lamarche B, Mauriege P, Cantin B, Dagenais GR, Moorjani S,
et al. Hyperinsulinemia as an independent risk factor for ischemic heart
disease. N Engl J Med. 1996;334(15):952-8.

11. Mitsuhashi T, Hibi K, Kosuge M, Morita S, Komura N, Kusama |, et al. Rela-
tion between hyperinsulinemia and nonculprit plaque characteristics in
nondiabetic patients with acute coronary syndromes. J Am Coll Cardiol
Cardiovasc Imaging. 2011;4(4):392-401.

12. Lindahl B, Dinesen B, Eliasson M, Roder M, Hallmans G, Stegmayr B. High
proinsulin levels precede first-ever stroke in a nondiabetic population.
Stroke. 2000;31(12):2936-41.

13. Meng YX, Ford ES, Li C, Quarshie A, Al-Mahmoud AM, Giles W, et al.
Association of C-reactive protein with surrogate measures of insulin
resistance among nondiabetic US adults: findings from national
health and nutrition examination survey 1999-2002. Clin Chem.
2007;53(12):2152-9.

20.

21.

22.

23.

24.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

Page 8 of 9

Khatana SAM, Taveira TH, Dooley AG, Wu WC. The association between
C-reactive protein levels and insulin therapy in obese vs nonobese vet-
erans with type 2 diabetes mellitus. J Clin Hypertens. 2010;12(6):462-8.
Ebbeling CB, Feldman HA, Klein GL, Wong JMW, Bielak L, Steltz SK,

et al. Effects of a low carbohydrate diet on energy expenditure during
weight loss maintenance: randomized trial. BMJ. 2018;363:k4583.
Ludwig DS, Ebbeling CB. The carbohydrate-insulin model of obesity:
beyond “calories in, calories out”. J Am Med Assoc Intern Med.
2018;178(8):1098-103.

Mehran AE, Templeman NM, Brigidi GS, Lim GE, Chu KY, Hu X, et al.
Hyperinsulinemia drives diet-induced obesity independently of brain
insulin production. Cell Metab. 2012;16(6):723-37.

Ali A, Bain S, Hicks D, Newland Jones P, Patel DC, Evans M, et al. SGLT2
Inhibitors: cardiovascular benefits beyond HbA1c-translating evidence
into practice. Diabetes Ther. 2019;10(5):1595-622.

American Diabetes Association. Standards of Medical Care in Diabetes
- 2020. Diabetes Care. 2020;43.

Harris SB, Cheng AY, Davies MJ, Gerstein HC, Green JB, Skolnik N.
Person-centered, outcomes-driven treatment: a new paradigm for type
2 diabetes in primary care. 2020.

Zipf G, Chiappa M, Porter KS, Ostchega Y, Lewis BG, Dostal J. National
health and nutrition examination survey: plan and operations,
1999-2010. Vital and health statistics Ser 1, Programs and collection
procedures. 2013(56):1-37.

Bu DX, Griffin G, Lichtman AH. Mechanisms for the anti-inflammatory
effects of statins. Curr Opin Lipidol. 2011;22(3):165-70.

Wang X, Bao W, Liu J, Ouyang YY, Wang D, Rong S, et al. Inflammatory
markers and risk of type 2 diabetes: a systematic review and meta-
analysis. Diabetes Care. 2013;36(1):166-75.

Centers for Disease Control and Prevention. Laboratory Procedure
Manual: C-Reactive Protein. 2007.

. Centers for Disease Control and Prevention. National health and nutri-

tion examination survey 2009-2010 data documentation, codebook,
and frequencies: plasma fasting Glucose & Insulin (GLU_F) (2012).
Available from https://wwwn.cdc.gov/Nchs/Nhanes/2009-2010/GLU_F.
htm.

Centers for Disease Control and Prevention. Laboratory procedure
manual: Fasting glucose in plasma NHANES 2005-2006. 2008.
Centers for Disease Control and Prevention. Laboratory procedure
manual: Fasting glucose in plasma NHANES 2007-2008. n.d.

Centers for Disease Control and Prevention. Laboratory procedure
manual: fasting glucose in plasma NHANES 2009-2010. n.d.

Centers for Disease Control and Prevention. Laboratory procedure
manual: glycohemoglobin in whole blood NHANES 2005-2006. 2008.
Centers for Disease Control and Prevention. Laboratory procedure
manual: glycohemoglobin in whole blood using Tosoh 2.2 Plus
NHANES 2007-2008. n.d.

. Centers for Disease Control and Prevention. Laboratory procedure

manual: glycohemoglobin in whole blood using Tosoh G 7 HPLC
NHANES 2007-2008. n.d.

Centers for Disease Control and Prevention. Laboratory procedure man-
ual: Glycohemoglobin in whole blood using Tosh 2.2 Plus 2009-2010. n.d.
Centers for Disease Control and Prevention. National Health and Nutrition
Examination Survey 2009-2010 Data Documentation, Codebook, and
Frequencies: Physical Activity (PAQ_F) 2011 https://wwwn.cdc.gov/Nchs/
Nhanes/2009-2010/PAQ_F.htm.

Cleland CL, Hunter RF, Kee F, Cupples ME, Sallis JF, Tully MA. Validity of

the Global Physical Activity Questionnaire (GPAQ) in assessing levels and
change in moderate-vigorous physical activity and sedentary behavior.
BMC Public Health. 2014;14:1.

Centers for Disease Control and Prevention. National Health and Nutrition
Examination Survey: 2005-2006 Data documentation, codebook, and
frequencies demographic variables & sample weights (Demo_D) 2009
https.//wwwn.cdc.gov/Nchs/Nhanes/2005-2006/DEMO_D.htm#INDFM
PIR.

Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn
EJ, et al. 2019 ACC/AHA guideline on the primary prevention of cardio-
vascular disease: a report of the American College of Cardiology/Ameri-
can Heart Association Task Force on Clinical Practice Guidelines. J Am Coll
Cardiol. 2019;74(10):e177-232.


https://wwwn.cdc.gov/Nchs/Nhanes/2009-2010/GLU_F.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2009-2010/GLU_F.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2009-2010/PAQ_F.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2009-2010/PAQ_F.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2005-2006/DEMO_D.htm#INDFMPIR
https://wwwn.cdc.gov/Nchs/Nhanes/2005-2006/DEMO_D.htm#INDFMPIR

Missel et al. Diabetol Metab Syndr (2021) 13:29

37.

38.

39.

40.

Kamenova P. Therapeutic potential of metformin in normal glucose

tolerant persons with metabolic syndrome. Biotechnol Biotechnol Equip.

2020;34(1):30-7.

Drucker DJ. Mechanisms of action and therapeutic application of
glucagon-like peptide-1. Cell Metab. 2018;27(4):740-56.

Saraiva FK, Sposito AC. Cardiovascular effects of glucagon-like peptide 1
(GLP-1) receptor agonists. Cardiovasc Diabetol. 2014;12(142):1.

Garber AJ, Handelsman Y, Grunberger G, Einhorn D, Abrahamson MJ,
Barzilay JI, et al. Consensus Statement by the American Association of
Clinical Endocrinologists and American College of Endocrinology on the
Comprehensive Type 2 Diabetes Management Algorithm - 2020 Execu-
tive Summary. Endocr Pract. 2020;26(1):107-39.

Page 9 of 9

41. Triggle CR, Ding H. Cardiovascular impact of drugs used in the treatment
of diabetes. Ther Adv Chronic Dis. 2014;5(6):245-68.

42. UK Prospective Diabetes Study (UKPDS) Group. Effect of intensive blood-
glucose control with metformin on complications in overweight patients
with type 2 diabetes (UKPDS 34). Lancet. 1998;352(9131):854-65.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Association between fasting insulin and C-reactive protein among adults without diabetes using a two-part model: NHANES 2005–2010
	Abstract 
	Introduction: 
	Methods: 
	Results: 
	Conclusion: 

	Objective
	Methods
	Participants
	Measures
	CRP
	Fasting insulin
	Fasting glucose
	Hemoglobin A1c (HbA1c)
	Waist circumference
	Physical activity status
	Smoking status
	Demographic and socioeconomic factors

	Statistical analyses

	Results
	Discussion
	Acknowledgements
	References




