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Abstract
Background: High intakes of total and animal protein are associated with the risk of type 2 diabetes

(T2D). The inﬂuence of protein type on insulin resistance, a key precursor of T2D, has not been
extensively studied.
Objective: The aim of this study was to determine the associations between dietary total, animal,

and plant protein intakes as well as the animal-to-plant protein (AP) intake ratio with insulin
resistance in middle-aged and older adults.
Methods: This was a cross-sectional analysis in 548 participants (mean 6 SD age: 66.2 6 13.7 y)

from the calibration substudy of the AHS-2 (Adventist Health Study 2) cohort. Participants
consumed diets with a low AP intake ratio. Dietary intakes of total and particular types of protein
were calculated from six 24-h dietary recalls. Participants completed a self-administered
questionnaire on demographic, lifestyle, health, diet intake, and physical activity characteristics.
Anthropometric variables including weight, height, and waist circumference were measured.
Homeostasis model assessment of insulin resistance (HOMA-IR) was calculated by using fasting
serum glucose and insulin. Multiple linear regression models were used to test the relations
between total and speciﬁc protein intakes with insulin resistance.
Results: The ranges of dietary intakes of animal and plant protein and the AP intake ratio were 0.4–

87.4 and 14.0–79.2 g/d and 0.02–4.43, respectively. Dietary intakes per 10-g/d increments of
total protein (b: 0.11; 95% CI: 0.02, 0.21) and animal protein (b: 0.11; 95% CI: 0.01, 0.20) and the
AP intake ratio (b: 1.82; 95% CI: 0.80, 2.84) were positively related to HOMA-IR. Plant protein was
not signiﬁcantly related to insulin resistance.
Conclusion: Total and animal protein intakes and the AP intake ratio were positively associated

with HOMA-IR in adults with relatively a low intake of animal protein and a high consumption of
plant protein. Curr Dev Nutr 2017;1:1–7.

Introduction
Insulin resistance is a major predictor of type 2 diabetes (T2D)5 and an independent risk factor for cardiovascular disease (1–3). The early detection and treatment of insulin resistance
can prevent T2D and alleviate its high economic and public health burden (4). Findings from
the ﬁrst Adventist Health Study group of white Californians suggested that a vegetarian diet
reduces the risk of developing diabetes (5). In the current Adventist Health Study 2 (AHS-2)
cohort, the prevalence and incidence of diabetes were the lowest among vegans compared
with other vegetarians and nonvegetarians (6, 7). Recent reports in established longitudinal
cohorts found a clear association between total and animal protein intakes and an increased
risk of T2D (8–10), whereas plant protein intake had a protective (10) or no (8, 9) eﬀect. In
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these cohorts, animal protein contributed the majority of the total
protein, and although total and animal protein intakes varied among
participants, the proportion of energy from plant protein diverged
little (8, 9). In cross-sectional studies in adults without diabetes, a
high meat intake was associated with insulin resistance evaluated
by using the HOMA-IR (11, 12).
Although previous studies showed an association between
dietary protein and diabetes risk or meat intake and insulin resistance, none to our knowledge have examined the possible inﬂuence
of the type of protein on biomarker-validated insulin sensitivity.
Due to the emphasis placed on plant-based diets among Seventhday Adventists, the eating pattern of the AHS-2 cohort diﬀers
from other groups in the amount of plant protein and in the proportion of plant to animal protein consumed (13). For example, the average percentages of protein intake derived from animal and plant
protein sources of AHS-2 participants are ;34% and 65%, respectively, whereas those of the US population are 62% and 30%, respectively (14). Another feature of the cohort is the consistency of
eating habits, with usual intakes representing long-term patterns
(15). Whether dietary animal or plant protein or their relative
amounts aﬀect insulin sensitivity as such is largely unknown. The
purpose of this study is to examine the relation between total protein intake and the type of dietary protein on insulin resistance in
healthy older to elderly individuals who consume a wide range of
plant and animal protein and a predominantly plant-based diet.

Methods
Study design and participants
This was a cross-sectional analysis of data from a randomly selected
subsample of the AHS-2 participants, called the calibration substudy,
on whom detailed dietary and biochemical data were obtained. The
AHS-2 is a prospective population-based study in 96,592 Seventhday Adventists from the United States and Canada whose main
goal is to examine the associations of lifestyle factors with risk of
cancers. Details of the cohort and study protocol have been described elsewhere (16). Brieﬂy, participants completed a comprehensive self-administered questionnaire, providing information
related to lifestyle and health, dietary patterns, and physical activity
(17). The calibration substudy participants (n = 1011) were randomly
selected from the parent cohort by church and then within church
by sex and age (18). Participants were excluded if data on dietary intake, demographic variables, insulin resistance, physical activity, and
waist circumference were incomplete and if energy intake was
,500 or .4500 kcal. Lifestyle practices such as current smoking
and alcohol consumption are confounders traditionally controlled
for in a statistical analysis of diet-disease relations. In this report
we intended to test the eﬀect of protein intake on insulin resistance
without the inﬂuence of these confounders; therefore, we also excluded participants who consumed alcohol and were current
smokers. After all exclusions, the ﬁnal analytic cohort consisted of
548 participants.
The Institutional Review Board of Loma Linda University approved
the study protocol. All of the participants were informed of the study
protocol and provided written consent at the time of enrollment.

Dietary assessment
Trained dietitians obtained unannounced telephone 24-h dietary recalls (24HDRs) to collect dietary intakes of foods, beverages, and supplements. The Nutrition Data System for Research
(NDS-R) version 4.06 or 5.0 was used for data acquisition and entry, and nutrient composition was based on the NDS-R 2008 database (Nutrition Coordinating Center). Each participant provided 2
sets of 3 recalls for a total of six 24HDRs. Each set was taken 6 mo
apart and consisted of intakes for 1 Saturday, 1 Sunday, and 1 weekday. Within each set of recalls, each recall was weighted appropriately so as to produce a weekly intake (Saturday intake + Sunday
intake + 5 3 weekday intakes), and then divided by 7 to estimate
an average daily intake of a nutrient. Each individual thus provided 2 repeated measures of intake data. The NDS-R 2008 database includes data for protein, animal protein, and plant protein;
thus, the daily intake of each protein was the sum from all food
sources as well as from recipes of mixed dishes for each recall
day. Intakes of total, animal, and plant protein were energyadjusted by using the residual method (19). The animal-to-plant
protein (AP) intake ratio was the ratio of the energy-adjusted
values of these nutrients.
Anthropometric and activity measures
Participants’ weight was measured with light clothing and
without shoes by using a Tanita BF-350 scale (Tanita UK Ltd.)
and was rounded up to the nearest 0.1 kg. Height was measured
without shoes by using a Seca 214 portable Height Rod (Seca Corporation) and was rounded up to the nearest 0.25 cm. Waist circumference was measured 3 times with an anthropometric tape
2.5 cm above the navel. The average of 3 values was used for the
analyses. Physical activity (hours per day) was estimated by questionnaire (17) and calculated as the sum of mild, moderate, vigorous, and extremely vigorous activity.
Biochemical measures
Fasting blood glucose was analyzed by using the Cholestech
LDX System (Cholestech) (20). Fasting insulin was measured
by using the Elecsys Insulin Assay (Roche Diagnostics). Insulin
resistance was estimated by HOMA-IR, which was calculated
with the following formula: fasting plasma glucose (milligrams
per deciliter) 3 fasting serum insulin (microunits per deciliter)
divided by 405 (21).
Statistical analysis
A comparison of HOMA-IR according to participant characteristics was calculated by an independent-samples t test or ANOVA.
Dietary intakes of total, animal, and plant protein and the AP intake ratio were calculated as means 6 SDs and 5th, 50th, and
95th percentiles. To determine the association between dietary
protein and HOMA-IR, we used 2 approaches: regression calibration and multiple linear regression (MLR) models with HOMA-IR
as the dependent variable and total protein, animal protein, and
plant protein intakes or the AP intake ratio as independent variables. Relevant assumptions for linear regression models were
checked and log-transformed variables were used when appropriate. All of the regression models were adjusted for age, ethnicity,
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Results

TABLE 1 HOMA-IR values according to participant
characteristics
Sex
Male
Female
Age, y
,59
$60
Race
White
Nonwhite
Education3
High school or less
Some college
College graduate or higher
BMI, kg/m2
,25
$25
Waist circumference, cm
#102 in men or #88 in women
.102 in men or .88 in women
Physical activity, h/d
,3
$3

n

HOMA-IR1

241
466

1.66 6 2.11
1.44 6 2.07

349
345

1.59 6 2.13
1.43 6 2.03

309
398

1.64 6 2.04
1.43 6 2.13

191
226
281

1.61 6 2.09
1.52 6 2.18
1.47 6 2.05

253
437

0.941 6 1.81
1.99 6 1.97

408
297

1.09 6 1.82
2.38 6 1.93

395
227

1.58 6 2.07
1.55 6 2.13

P2
0.018

0.047

0.014

0.441

,0.0001
,0.0001

0.776

1

Values are means 6 SDs.
P values were obtained by independent t test unless otherwise indicated.
3
P value was obtained by 1-factor ANOVA.
2

physical activity, waist circumference, energy intake, dietary PUFA–
to-SFA ratio, dietary glycemic load, and type of dietary protein.
In the MLR approach, the 2 repeated measures of each protein variable (total, animal, and plant intakes and the AP intake
ratio) were averaged. In regression calibration we corrected for
within-subject variation and measurement error bias in the 2
sets of repeated 24HDRs according to Spiegelman et al. (22)
and plotted the back-transformed predictors from these models.
Based on the fact that waist circumference is a strong predictor
of insulin resistance (23), we stratiﬁed our analysis by waist
circumference to examine its role as an eﬀect modiﬁer. Cutoﬀs
for waist circumference in men and women were 102 and 88 cm,
respectively (24).
A descriptive analysis was performed by using the Statistical
Package for the Social Sciences (version 22.0; SPSS). Data analysis and statistical software (STATA, version 13; StataCorp) was
used for all regression analyses and to generate plots from the regression calibration models. P values ,0.05 were considered
signiﬁcant.

A total of 548 participants were considered for this study. Women
comprised 66% of the study participants. The mean age of participants was 66.2 y. Men, whites, and those with a higher BMI and
waist circumference had higher insulin resistance (Table 1).
Mean 6 SD daily intakes of total, animal, and plant protein and
the AP intake ratio were 56.7 6 11.5, 21.2 6 16.0, and 35.5 6
11.1 g/d and 0.83 6 0.09, respectively (Table 2).
Percentiles of dietary protein intake are presented in Table 2.
Diﬀerences between the 5th and 95th percentiles of total, animal,
and plant protein intakes and the AP intake ratio were 35.8 g/d,
49.8 g/d, 35.0 g/d, and 2.5, respectively. Table 3 shows the association between dietary protein intake and insulin resistance in all
participants and stratiﬁed by waist circumference. In the population as a whole, total and animal protein intakes and the AP intake
ratio showed a positive association with HOMA-IR, and these results were consistent with the use of regression calibration and
the MLR models. On stratiﬁcation by waist circumference, a significant strong positive association between AP intake ratio and
HOMA-IR was evident in those with a normal waist circumference, but the association was attenuated and became nonsigniﬁcant in abdominally obese participants with the use of regression
calibration models.
Plots from the regression calibration models show that HOMA-IR
was positively associated with intakes of total and animal protein
and was not associated with plant protein intake (Figure 1A). At
the same amount of protein intake, insulin resistance was higher
with animal protein than with total protein intake. Figure 1B shows
that the association between HOMA-IR and the AP intake ratio was
nonlinear, but that insulin resistance as shown by HOMA-IR
showed a decrease with decreasing AP intake ratios.

Discussion
In this cohort of middle-aged and older adults, total and animal protein consumption and the AP intake ratio were associated with
higher insulin resistance measured by using the HOMA-IR. Despite
a wide range of plant protein intakes, no association between plant
protein and insulin resistance was observed. Waist circumference
modiﬁed the eﬀect of the AP intake ratio, but not total, animal, or
plant protein intakes, on insulin resistance.
Studies examining the association between dietary protein or protein-rich foods and measures of insulin sensitivity in

TABLE 2 Means 6 SDs and percentiles of daily dietary protein intake in the AHS-2 calibration substudy1
Percentile of intake, g
Total protein
Animal protein
Plant protein
AP intake ratio
1
2

Dietary protein intake,2 g

5th

50th

95th

Difference between 95th
and 5th percentiles, g

56.68 6 11.49
21.17 6 16.03
35.51 6 11.14
0.83 6 0.94

41.59
3.39
21.69
0.056

52.65
17.76
34.68
0.52

69.38
44.24
50.67
2.01

35.76
49.78
35.04
2.49

n = 548. AHS-2, Adventist Health Study 2; AP, animal-to-plant protein.
Values are means 6 SDs.
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TABLE 3 b-Coefﬁcients (95% CIs) of the associations between dietary protein intake in 10-g/d increments and insulin resistance in
the AHS-2 calibration substudy total population and stratiﬁed by waist circumference1
Regression calibration
Total (n = 548)
Total protein
Animal protein
Plant protein
AP intake ratio
Normal waist circumference (n = 314)
Total protein
Animal protein
Plant protein
AP intake ratio
High waist circumference (n = 234)
Total protein
Animal protein
Plant protein
AP intake ratio
1

0.11 (0.02, 0. 21)
0.11 (0.01, 0.20)
0.00 (20.19, 0.19)
1.82 (0.80, 2.84)
0.10 (20.03, 0.23)
0.09 (20.03, 0.23)
20.06 (20.33, 0.19)
2.52 (0.93, 4.11)
0.13 (20.01, 0.27)
0.12 (20.02, 0.26)
0.06 (20.24, 0.37)
1.27 (20.06, 2.62)

Multiple linear regression
0.07 (0.01, 0.12)
0.08 (0.03, 0.14)
0.00 (20.07, 0.08)
1.30 (0.65, 1.95)
0.07 (20.001, 0.14)
0.08 (0.01, 0.16)
20.01(20.12, 0.09)
1.70 (0.80, 2.60)
0.07
0.08
0.01
0.90

(20.008, 0.15)
(0.00, 0.15)
(20.10, 0.13)
(0.04, 1.85)

Values for animal and plant protein were adjusted for age, sex, waist circumference, ethnicity, physical activity, dietary PUFA to SFA ratio, dietary glycemic load, type of
dietary protein, and energy. AHS-2, Adventist Health Study 2; AP, animal-to-plant protein.

nondiabetics are sparse, and none, to our knowledge, isolated the
eﬀect of animal and plant protein as such. In participants whose
intake was monitored over a period of 6 mo, high dietary protein
consumption (1.87 g/kg) compared with normal protein consumption (0.74 g/kg) was accompanied by increased glucose-stimulated
insulin secretion and gluconeogenesis (25). Positive associations
between meat intake (12), red meat intake (11), and a dietary pattern high in animal protein (26) with the HOMA-IR have been
reported. In a recent cross-sectional analysis from the Nurses’
Health Study (n = 3690), intakes of total, processed, and unprocessed red meat were linked to increased fasting insulin and
glycated hemoglobin (27). In contrast, an inverse association
was reported between soy-food consumption and HOMA-IR in a
Japanese cohort (28). To the best of our knowledge, this is the ﬁrst
cross-sectional study to examine the association between intakes
of total, animal, and plant protein and the AP intake ratio with insulin resistance assessed by using the HOMA-IR.
Our results showed that a higher total protein intake was associated with increased insulin resistance. Although high dietary
protein in short-term clinical trials showed positive eﬀects on
glycemic control by augmenting insulin secretion and glucose
clearance, studies on the long-term eﬀects are equivocal and problematic (29, 30). In randomized dietary intervention studies,
increases in one macronutrient resulted in the replacement of another. It is therefore not possible to isolate the nutrient responsible for the changes observed. This uncertainty was shown in a
study in overweight adults with features of the metabolic syndrome, in whom a high-protein diet was compared with an
isoenergic, low-protein, high-carbohydrate and high-ﬁber diet.
The low-protein intervention resulted in a 25% increase in glucose
sensitivity measured by using the euglycemic-hyperinsulinemic
clamp technique—an eﬀect that could be attributed either to a decrease in protein or an increase in carbohydrate and ﬁber (31).
Our observation that the proportion of AP in the diet, or the AP
intake ratio, aﬀects insulin sensitivity is somewhat supported by a
number of clinical intervention trials. In women with abdominal

FIGURE 1 (A) Multiple linear regression of the association between
HOMA-IR and dietary intakes of total (P = 0.018), animal (P = 0.022),
and plant (P = 0.098) protein adjusted for age, ethnicity, physical
activity, waist circumference, energy, ratio of PUFAs to SFAs,
glycemic load, and type of dietary protein. (B) Multiple linear
regression of the association between HOMA-IR and the AP protein
intake ratio (P = 0.000) adjusted for age, ethnicity, physical activity,
waist circumference, energy, ratio of PUFAs to SFAs, glycemic load,
and type of dietary protein. AP, animal to plant.
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obesity, partly replacing meat protein with soy resulted in
greater insulin sensitivity assessed by the frequently sampled
intravenous glucose-tolerance test (32). In a recent metaanalysis of randomized controlled trials, replacing some animal
protein with plant protein foods resulted in modest improvements in glycemic control (33). Intervention studies that used
vegan and vegetarian diets in diabetics reported improvements
in glycemic control and increased insulin sensitivity (34, 35).
Yet again, the observed beneﬁcial eﬀects could just as likely
be attributed to components other than protein that plant foods
provide.
The ﬁndings of the present study complement those of epidemiologic studies that reported associations between total protein
(9, 36, 37), animal protein (8–10), and meat consumption (38, 39)
and an increased risk of T2D. Recently, a combined analysis of 3
established prospective cohorts in the United States showed that
a higher intake of animal protein was related to an increased
risk of T2D and all-cause mortality (10). In the aforementioned cohorts, meat and/or processed meat were the main contributors of
animal protein intake (8–10). However, reports regarding the effect of plant protein on T2D risk are inconsistent. Plant protein intake (10) and plant-based dietary patterns low in animal foods (40)
were associated with a reduced risk of T2D or not found to have
an eﬀect (9).
Results from stratiﬁcation by waist circumference suggest that
waist circumference was an eﬀect modiﬁer in the association between protein intake and insulin resistance. Abdominal obesity is
associated with insulin resistance in older adults (23). Our ﬁndings
are in line with those in prospective cohorts that found an attenuation of the association between total and animal protein intakes
and the risk of T2D when adjusting for adiposity (8, 10). In contrast, a recent case-cohort study reported a stronger association
between total and animal protein intakes and the risk of T2D in
obese women but not in obese men (9).
Although we did not explore the eﬀect of animal or plant
protein–containing food sources on insulin resistance, studies
have shown that foods diﬀer in their impact on glycemic control.
Some evidence points to red meat and processed meat as the main
contributors to an increased risk of T2D (38) and insulin resistance (11, 12). All animal protein sources may not have the same
eﬀect on glucose metabolism. Full-fat dairy products were associated with lower insulin resistance in a cross-sectional study (41),
whereas in a randomized intervention, lean meat compared with
dairy protein improved insulin sensitivity in insulin-resistant participants (42). A positive association between oily ﬁsh consumption and insulin sensitivity has been documented (43). If plant
protein foods, such as whole grains (44), legumes (45), and nuts
(46), with low glycemic load are the main sources of protein, a
protective eﬀect against T2D is shown (10). But plant foods with
a high glycemic load, such as bread, pasta, and potatoes, do not
show this protective eﬀect (8, 9).
The rationale for focusing our research on animal and plant
protein per se was to narrow the search for mechanisms underlying
the association between dietary protein and glycemic control. Our
ﬁnding that dietary animal protein is associated with insulin resistance may be due to its amino acid proﬁle (47). A metabolomics
CURRENT DEVELOPMENTS IN NUTRITION

study documented that high concentrations of plasma BCAAs and
aromatic amino acids are related to the risk of T2D (48) and insulin
resistance through stimulating insulin secretion and subsequent hyperinsulinemia (49). BCAAs, especially leucine, are found in higher
proportions in animal food sources, and when absorbed may impair
glucose uptake despite inducing a signiﬁcant increase in insulin
concentrations (47–50). Although it is unclear whether high circulating BCAA concentrations are a cause or a marker of the insulinresistant state, recent research suggests that they are more likely a
consequence of impaired insulin action and disturbed amino acid
metabolism (51). It remains diﬃcult to isolate the eﬀect of speciﬁc
types of protein on metabolism independent of the contribution
of other nutrients in plant and animal food sources, the overall dietary pattern, and factors such as obesity and genetics (52).
The strengths of the present study lie in its relatively large sample size and in the quality of the dietary data obtained. Multiple
24HDRs are considered the gold standard against which other
types of dietary assessments are often validated (53). Reported
multiple 24HDRs are advantageous because within-subject variability can be removed by using regression calibration (22). There
was a wide range of both animal protein and plant protein intakes
in our population, which increased the likelihood of capturing a
possible association with insulin resistance. Another strength of
our study was the assessment of the relation between dietary protein intake and insulin resistance in nonsmokers and non–alcohol
users, which enhances internal validity. Because we isolated total
protein and the type of protein in the analyses, we were able to assess the net eﬀect of plant or animal protein independent of their
inﬂuence on one another. Our observations that animal protein
per se is positively related to insulin resistance adds new information to the existing literature while strengthening and supporting
what is already known about animal protein and its association
with T2D. Beyond this, a unique contribution of this study is attributed to the study cohort of middle-aged and older adults
who observe a range of eating patterns from plant-exclusive to
typical omnivorous diets and many variations in between. Therefore, in essence, our study was able to show that, in the context of a
relatively wide range of plant protein intake (from 14 to 79.2 g/d),
total and animal protein intakes are associated positively with insulin resistance.
There are also limitations. The cross-sectional study design
precludes any inference of causality. Because dietary and lifestyle
practices of the AHS-2 participants may diﬀer from those of the
general population (13, 16), generalizing our results should probably be limited to groups with similar habits. More research is
needed to investigate the eﬀects of animal protein–rich food
groups (red meats, poultry, ﬁsh, dairy, cheese, and eggs) on insulin
resistance in populations with diﬀerent sources and amounts of
protein intake.
In conclusion, we were able to show that higher total and animal protein intakes are associated with higher HOMA-IR in a
group of middle-aged and older adults. This observation is particularly unique given that this population, in addition to being nonsmokers and non–alcohol users, consumes a diverse range of
dietary patterns that are relatively high in plant protein and vary
from no animal protein to including animal protein. Although
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previously it has been shown that animal protein is associated
with T2D, our study ﬁndings support this knowledge. These ﬁndings need to be explored further through randomized clinical
trials. Overall, on the basis of our observations, it may be prudent
to consider limiting animal protein intake and adopting an AP intake ratio of ;1.0 or lower in order to decrease the risk of insulin
resistance.
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