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Background: Nutrition therapy is considered a key component of diabetes management. Recently, high-protein diets have gained in
popularity. Understanding the glycemic effect of dietary protein among patients with diabetes has been of particular interest.
Methods: This study is based on NHANES data of 990 participants aged 40 years and older from the NHANES cohorts of 2011-2012
and 2013-2014 surveys. Glycosylated hemoglobin (HbAlc level) was used as indicator of glycemic control. Patients were categorized
into quartiles for daily protein intake. Average protein intakes for patients in quartile 1 to quartile 4 were 35.5 g, 58.7 g, 79.9 g, and
131.6 g, respectively. Covariates included in the analysis were gender, age, race, caloric intake, muscle strength, education, income,
smoking, sedentary lifestyle, alcohol consumption, and BMI.

Results: After controlling for covariates, patients in quartile 4 of protein intake had 261% increased risk of poor glycemic control
compared with those in quartile 1 (95% CI: 1.29-5.30). The association was not attenuated after further control for insulin use (OR =
1.94; 95% CI: 0.89-4.24). In conclusion, higher protein intake seems related to a worse glycemic control in diabetic subjects.
Keywords: protein intake, diabetes, insulin

Introduction

Nutrition therapy is one of the most important keys to diabetes management. There is good evidence that combined
interventions, including following healthy dietary habits, behavior modifications, and practicing physical activity, can
prevent the progression of insulin resistance to diabetes.' Regarding dietary approaches, it has been shown that diets
containing low carbohydrate, low to moderate fat, high protein, and low glycemic index effectively reduce the risk of
diabetes and reduce weight.? However, limited evidence on the optimal diet composition to prevent hyperglycemia in
type 2 diabetes mellitus (T2DM) is available.’

A high-protein diet has been gaining attention in dietary changes to prevent T2DM. A study revealed that higher
intake of plant proteins showed a negative association with the risk of developing T2DM in the Chinese population.* The
same study reported a significant and independent direct association between total protein and animal protein and T2DM
risk in the “red meat” dietary pattern. However, the same study showed that in the “refined grains” dietary pattern, animal
protein intake was associated with lower T2DM risk.* However, it is still not clear why the findings on the association
between consuming high-protein foods and T2DM risk are inconsistent.

Evidence proposes that high-protein intake is associated with an improvement in insulin resistance; however, the lipid
profiles were not affected in the study population.” Furthermore, Akhavan et al (2020) reported that a higher intake of
animal protein can enhance the function of B-cell and reduce plasma triglycerides.

This inconsistency and discrepancy in the findings of the studies could be due to many aspects, including the
methodology, the size of the sample, and other factors. Therefore, this study aimed to assess the possible association
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between protein consumption and glycemic control with and without insulin use based on NHANES data collected on
participants with T2DM aged above 40 years who were in the cohorts of the 2011-2012 and 2013-2014 surveys.

Methods
Study Design and Subjects

The data of the present study were obtained from the continuous National Health and Nutrition Examination Survey
(NHANES) in 2011-2012 and 2013-2014. The NHANES is a multistage probability cross-sectional survey that studies
the general nutritional and health status of the noninstitutionalized population of the United States (US). Around 5000
individuals were annually analyzed in the NHANES to assess the nutrition and health-related status. The total number of
participants was 19,931; however, participants whose data were missing, who were not eligible, or were pregnant were
excluded. The final sample size of the participants was 990. Only participants who were aged above 40 years and
followed in both cohorts (2011-2012 and 2013-2014) were enrolled in this study. The flow-chart of the sample selection
is provided in Figure 1. The nutrients intake was collected using 24-hour dietary recall, which was measured in two
occasions.

The data was collected via face-to-face interviews and examinations on multiple demographic data of participants
(family and individuals) about age, gender, race, education level, and income, and other related information obtained
through standardized questions. For biochemical assessment, blood samples were collected from each participant. The
NHANES data on HbAlc, body mass index (BMI), handgrip strength, and physical activity with known diabetic cases
were involved in the current study. NHANES protocols and consent forms were approved by the NCHS Research Ethics
Review Board (protocol # 2011-17).

Independent Variable

Protein Intake

In the NHANES study, food intake for two nonconsecutive days was assessed via interviews. The first interview was
conducted face to face, and the second interview was conducted via a phone call. The participants provided details of the

meals they consumed in the past 24 hours, and each nutrient was estimated using the Food and Nutrient Database for

[ N=19,931 ]

12513 excluded for their age (i.e., < 40
years)

6074 excluded for being non-diabetic

286 missing data about handgrip strength,
BMI, HbA1C, or sedentary activity

Figure | Flow-chart of study design.
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Dietary Studies published by the US Department of Agriculture (USDA).® In our analysis, protein intake data were based
on the face-to-face interview.

Dependent Variable

Glycemic Control

Glycemic control among T2DM patients was considered the dependent variable for this study, and HbAlc was used as
the indicator of glycemic control. HbAlc can be used as a biomarker for glycemic control.” HbA l¢ rises in response to a
high-fat diet, smoking,** and body fat in diabetic patients.'” HbAlc above 7% was considered as an indicator of poor
glycemic control.”

Covariates
The main covariates that were adjusted for in this study included body weight, height, BMI, physical activity, use of
insulin, income-to-poverty ratio, smoking status, alcohol use and muscle strength.

Body Weight, Height and BMI

Height and body weight were estimated using standardized procedures.'' A standard digital scale was used to assess
the weight of participants, and a stadiometer was used to measure their standing stature. After recording the two
measurements (height and weight), the BMI was calculated as kilograms of body weight divided by height in square
meters (kg/m?) for each participant.

Physical Activity

The physical activity examination was conducted via face-to-face interview. Participants were asked to answer either
“yes” or “no” regarding whether they considered their usual physical activity per week to be vigorous or moderate. They
were also asked to report the time they spent in a sedentary position on a typical day. If an individual reported practicing
activities such as running or basketball for a minimum of 10 minutes per day, their physical activity level was defined as
vigorous. The moderate physical activity level covered activities such as cycling, volleyball, swimming, or brisk walking
for at least 10 minutes a day.'?

Use of Insulin
Insulin use was reported from each participant and documented by asking the participants whether they used insulin
or not.

Income-to-Poverty Ratio
Family income was obtained, and the federal income-to-poverty ratio for each participant was calculated.

Smoking Status

Participants were asked about their history of smoking (specifically cigarette use). Smoking was categorized as never,
former, and current smoker. Former smoker was defined as smoking at least 100 cigarettes in life but does not currently
smoke. The skilled interviewer used the computer-assisted personal interview (CAPI) system in the participant’s home.

Alcohol Use

The alcohol questionnaire (ALQ) was applied to measure lifetime and current alcohol use but did not target the type of
alcohol consumed by the study participants. The ALQ was administered at a mobile examination center. For adults aged
above 18 years, questions were asked by trained interviewers using the CAPI system.

Chronic Kidney Disease
The CKD-EPI creatinine equation was used to estimate eGFR.?® CKD was defined as eGFR < 60 mL/min/1.73 m?."

Muscle Strength

Muscle strength refers to the ability of the body to perform certain activities, such as moving, pushing, pulling, and
lifting.'* The handgrip test was applied using a handgrip dynamometer to measure muscle strength. The combined grip
strength was used (the addition of the largest reading from each hand) and is expressed in kilograms. The procedure of
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the measurement was explained, and a complete demonstration was provided to the participants prior to the measure-
ments being recorded by the examiner. The assessment was performed, while the patient was standing, and each
participant was asked to squeeze the dynamometer and exhale while squeezing to prevent a rise in intrathoracic pressure.
Participants with any past conditions that could affect their grip strength were identified and excluded. The grip size of
the dynamometer was adjusted according to the participant’s hand size. Each participant was asked to perform the
procedure once before the actual reading was taken. Then, the same procedure was applied for the other hand of the
participant, who was randomly assigned to start the test. The procedure tested each hand three times, with hands
alternating between trials. A 60-second rest was taken between each trial for the same hand.'”

Statistical Analysis

Descriptive analysis was used to determine the mean (standard deviation) for all the continuous variables, and frequency
was used to describe the discrete variables. ANOVA or chi-square tests were used to test the differences between groups
of protein intake for continuous or categorical variables. Protein intake was recoded into quartiles. The first quartile (low
intake) was used as the reference group. Survey weights, sample strata, and sample clusters were incorporated into the
survey statistical procedures (using the svy command in Stata) to account for the complex multistage probability
sampling. Four logistic regression models were used to investigate the association between poor glycemic control and
protein intake. The first model adjusted for age, gender, and race. Model 2 further adjusted for sedentary activity, income-
to-poverty ratio, education, smoking, alcohol consumption, handgrip strength (quartile) and BMI. Whereas model 3
further adjusted for insulin use, other medication for diabetes, and the duration of diabetes. Model 4 was based on model
3 but excluded those with CKD.

Results

Table 1 shows the sample characteristics based on the protein intake quartiles. The mean protein intake increased from
35.5 g/d to 131.6 g/d in the first and fourth quartiles of protein intake. Across the quartiles of protein intake, the intake of
energy and other macronutrients increased, but the mean age decreased. There was no difference in race, education, BMI,
sedentary activity, and smoking across the quartiles of protein intake. More than 25% of the participants reported using
insulin.

After adjusting for sociodemographic and lifestyle factors, muscle strength, energy intake, and BMI, there was a
dose—response positive relationship between protein intake and poor glycemic control with odds ratios (ORs) of 1.00,
1.68, 1.62, and 2.62 (95% confidence interval [CI]: 1.29-5.33) across the quartiles of protein intake (p for trend 0.25)
(Table 2). The association was attenuated and became non-statistically significant after further adjusting for insulin use,
other medications for diabetes and the duration of diabetes. However, when we excluded those with CKD, high intake of
protein was positively associated with poor glycemic control.

Figure 2 shows that the positive association between protein intake and poor glycemic control was only seen among
insulin users. There was no association between protein intake, gender, and hypertension and poor glycemic control (data
not shown).

Discussion

In this NHANES multistage probability cross-sectional survey conducted on 1058 self-reported individuals with type 1
and type 2 diabetes and aged 40 years or older, the main findings showed that there were no statistically significant (p >
0.05) differences in the individual's protein intake quartiles and poor glycemic control, but there was a reverse correlation
between protein intake and glycemic control. However, this correlation was more obvious among insulin users and
disappeared after further adjustment for insulin use in the logistic regression model that measured the association
between protein intake quartiles and poor glycemic control. After adjusting for sociodemographic and lifestyle factors,
muscle strength, energy intake, and BMI, individuals in quartile 4 of protein intake were 2.61 times more likely to have
poor glycemic control. Furthermore, protein intake was significantly and proportionally correlated with carbohydrates, fat
and energy intake and negatively correlated with age. Moreover, the handgrip strength increased as the protein intake
quartile increased.
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Table |1 Sample Characteristics by Quartiles of Protein Intake (N = 990)

Ql Q2 Q3 Q4 p-value
N = 248 N =247 N =248 N = 247
Handgrip strength (Kg) 54.8 (17.9) 622 (21.3) 64.6 (18.3) 73.8 (21.6) <0.001
Age (years) 64.6 (10.5) 63.7 (10.9) 625 (11.2) 59.5 (11.0) <0.001
Gender <0.001
Men 75 (30.2%) 116 (47.0%) 131 (52.8%) 188 (76.1%)
Women 173 (69.8%) 131 (53.0%) 117 (47.2%) 59 (23.9%)
Race 0.47
NH White 84 (33.9%) 89 (36.0%) 101 (40.7%) 89 (36.0%)
NH Black 86 (34.7%) 76 (30.8%) 6l (24.6%) 73 (29.6%)
Mex American 30 (12.1%) 32 (13.0%) 32 (12.9%) 40 (16.2%)
Other race/ethn 48 (19.4%) 50 (20.2%) 54 (21.8%) 45 (18.2%)
Education 0.10
<l grade 92 (37.2%) 84 (34.1%) 71 (28.6%) 63 (25.5%)
HS displ or GED 57 (23.1%) 51 (20.7%) 64 (25.8%) 60 (24.3%)
Some College 68 (27.5%) 70 (28.5%) 71 (28.6%) 71 (28.7%)
>college 30 (12.1%) 41 (16.7%) 42 (16.9%) 53 (21.5%)
Smoking 0.26
Never 135 (54.4%) 122 (49.4%) 122 (49.2%) 108 (43.7%)
Former 74 (29.8%) 85 (34.4%) 93 (37.5%) 96 (38.9%)
Current smoker 39 (15.7%) 40 (16.2%) 33 (13.3%) 43 (17.4%)
Alcohol drinking <0.001
No 80 (32.3%) 67 (27.1%) 84 (33.9%) 67 (27.1%)
Yes 101 (40.7%) 128 (51.8%) 127 (51.2%) 142 (57.5%)
Missing 67 (27.0%) 52 (21.1%) 37 (14.9%) 38 (15.4%)
BMI (kg/m2) 322 (7.2) 319 (7.1) 32.8 (74) 323 (7.3) 0.59
BMI categories 0.76
Underweight 2 (0.8%) 0 (0.0%) 1 (0.4%) 0 (0.0%)
Normal 29 (11.7%) 36 (14.6%) 33 (13.3%) 30 (12.1%)
Overweight 72 (29.0%) 70 (28.3%) 70 (28.2%) 80 (32.4%)
Obese 145 (58.5%) 141 (57.1%) 144 (58.1%) 137 (55.5%)
Sedentary activity 0.74
<3 hrs 50 (20.2%) 50 (20.2%) 38 (15.3%) 44 (17.8%)
3-6 hrs 79 (31.9%) 79 (32.0%) 79 (31.9%) 74 (30.0%)
6+ hrs 119 (48.0%) 118 (47.8%) 131 (52.8%) 129 (52.2%)
Income to poverty ratio 0.056
<1.30 104 (46.0%) 84 (36.5%) 85 (36.2%) 76 (32.6%)
1.3-3.5 84 (37.2%) 88 (38.3%) 95 (40.4%) 94 (40.3%)
>35 38 (16.8%) 58 (25.2%) 55 (23.4%) 63 (27.0%)
HbAIlc (%) 72 (1.8) 74 (1.8) 7.5 (1.9) 7.6 (1.7) 0.20
Poor glycemic control 112 (45.2%) 115 (46.6%) 116 (46.8%) 137 (55.5%) 0.087
Diabetes duration (years) 13.1 (10.3) 12.2 (10.7) 10.9 (9.7) 10.7 (10.4) 0.032
Hypertension 179 (74.6%) 176 (72.7%) 175 (71.7%) 169 (69.0%) 0.58
CVD 97 (39.1%) 73 (29.6%) 66 (26.6%) 46 (18.6%) <0.001
Use insulin 65 (26.2%) 72 (29.1%) 64 (25.8%) 73 (29.6%) 0.70
Taking diabetic pills 183 (73.8%) 177 (71.7%) 174 (70.2%) 178 (72.7%) 0.83

Recent results from a systemic and meta-analysis of randomized controlled trials review revealed that a high-

protein diet does not significantly ameliorate blood glucose and blood pressure levels, although it improves the
HOMA-IR, triglycerides, total cholesterol, and low-density lipoprotein cholesterol (LDL-C) levels. Also, it did not
show any significant effect on the long-term index of HbA1c% due to the short duration of protein intake.'® The

reported findings regarding high protein intake and HbA1c% as a glycemic control are aligned with our findings.

Furthermore, a study conducted in 2020 by Akhavan et al which stratified the protein intake of overweight or obese
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Table 2 Odds Ratio (95% ClI) for Poor Glycemic Control by Quartiles of Protein Intake

Quartiles of Protein Intake P for Trend

Ql Q2 Q3 Q4
Model | 1.00 1.37 (0.79-2.38) 1.33 (0.71-2.49) 2.32 (1.204.50) 0.033
Model 2 1.00 1.68 (0.93-3.04) 1.62 (0.78-3.38) 2.62 (1.29-5.33) 0.025
Model 3 1.00 1.35 (0.72-2.51) 1.44 (0.63-3.32) 1.70 (0.73-3.94) 0.251
Model 4 1.00 1.59 (0.86-2.95) 1.68 (0.75-3.76) 2.55 (1.02-6.39) 0.073

Notes: Model | adjusted for age, gender, race and energy intake. Model 2 further adjusted for sedentary activity, income, education, smoking, BMI (continuous), handgrip
strength (quartiles). Model 3 further adjusted for insulin use, medication for diabetes, and duration of diabetes. Model 4 excluded those with CKD.

prediabetic patients or patients with T2DM aged 45—75 years into, less than 0.8 g/kg body weight, 0.8 to less than 1.0
g/kg body weight, and more than or equal to 1.0 g/kg body weight revealed that higher intake of animal protein was
positively correlated with more secretion of insulin and decreasing the triglyceride level. This shows that B-cell
function can be improved by increasing animal protein intake.” Our results did not classify the individual’s protein
intake according to source (ie, animal or plant protein) or measure the B-cell function.

Dietary proteins stimulate the secretion of insulin and therefore reduce blood glucose levels.'” However, the effects of
long and short-term consumption of high protein diets on insulin sensitivity in T2DM patients are indecisive.'®'? For
instance, Weickert et al (2011) reported a reduction in insulin sensitivity among patients following high-protein (25-30%
of total energy) and low-carbohydrate (40-45% of total energy) diet for 6 weeks.”” Whereas Gannon & Nuttall
demonstrated an improvement in insulin sensitivity after 5 weeks of following a high-protein (30% of total energy),
reduced-carbohydrate (20% of total energy) diet compared with normal protein and carbohydrate (15% protein and 55%
carbohydrate of total energy) diet in patients with T2DM.?' No significant remarkable differences were seen in the
fasting insulin levels between the two diets. However, there was a reduction in fasting and postprandial blood glucose

concentration using the same high-protein diet.”” In addition, it is difficult to determine the causal effect on insulin

p for interactoin 0.048

Probability of poor glycemic control

T T T

1 2 3 4
Quartiles of protein intake

Insulin use
—&— No —@— Yes

Figure 2 Interaction between insulin use and protein intake in relation to poor glycemic control.
Notes: Model adjusted for age, gender, race, energy intake, muscle strength, sedentary activity, income-to-poverty ratio, education, smoking, alcohol drinking, BMI, other
medications for diabetes, and duration of diabetes.
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sensitivity when the dietary protein consumption is increased at the expenses of reducing the carbohydrate amount in the
diet.>* In this study, protein intake was determined based on a personal interview and 24-hour dietary intake. Among the
quartile 4 protein intake group, the estimated average protein intake was 132 g, which is around 19% of the average
energy (2808 Kcal). This is not consistent with previous short-term protein intake studies but is aligned to some extent
with the findings of Weickert et al (2011).

Higher dietary protein intake may worsen glycemic control through the ability of amino acids to impair glucose
synthesis via the inhibition of glucose transportation and phosphorylation, leading to insulin resistance. Additionally,
amino acids intervene with glucose metabolism through the initiation of insulin and glucagon secretion and through
serving as substrates for gluconeogenesis.”!

Previous intervention trials revealed that short-term high protein intake at the expense of carbohydrates improves glycemic
control in patients with T2DM by stimulating insulin secretion during eating.”* Conversely, epidemiological studies propose
that long-term high dietary protein intake is correlated with higher incidence of T2DM.?**® Furthermore, short-term elevation
of plasma amino acid concentrations encourages insulin resistance in skeletal muscle and enhances endogenous glucose
synthesis through the glucose transport/phosphorylation suppression, which can cause significant reduction in glycogen
production. Therefore, amino acids may participate in insulin resistance and may play a role in peripheral insulin sensitivity
modulation.”’ In this study, we did not measure the level of plasma amino acids to test its effect on insulin sensitivity.

Moreover, dietary proteins including a significant content of branched-chain amino acids (BCAA) were strongly
associated with hyperinsulinemia, insulin resistance and diabetes.”®** Although whey protein contains high levels of
BCAA,*° the relationship between insulin resistance and the BCAA plasma concentrations, which may reflect long-term
dietary protein consumption, requires further investigation and discussion.*' Increased plasma BCAA can be a result of
insulin resistance. This might be explained by the inhibition of the branched chain a-ketoacid dehydrogenase (BCKD)
via insulin, leading to inhibition in BCAA catabolism.*> Moreover, the mechanistic target of rapamycin (mTOR) can be
activated by BCAA and other nutrients. This activation negatively affects the phosphorylation of the insulin receptor
substrate 1 (IRS1), which leads to a reduction in insulin sensitivity. This indicates that there is a prospective link between
insulin resistance and BCAA.>* A mixed protein diet provides more than 20% of BCAA,*® although leucine supple-
mentation for 6 months in elderly men with T2DM did not improve glycemic control.>* Unfortunately, our study did not
consider the dietary or the plasma BCAA concentrations.

Bawadi et al examined the relationship between glycemic control and grip strength and reported no significant
association.®> However, an association was present after adjusting for biological, behavioral, dietary, educational, and
socioeconomic variables but disappeared after adjusting for insulin use. These results were promising, suggesting that
insulin plays a role in grip strength.*®> The same association was found in this study between the quartile 4 protein intake
and poor glycemic control. As stated previously, the grip strength increased significantly as the dietary protein intake
increased, which was associated with poor glycemic control.

Although our study included a large cohort, it has some limitations. First, the study was cross-sectional and thus did
not allow us to make causal influences such as the influence of a high protein diet on glycemic control. Second, the use of
24-hour dietary intake and personal interview to identify protein intake increase the possibility of recall bias where the
participating subjects may selectively recall food items. Third, all biochemical and physical parameters were performed
only once, so some of these could be biased and can be changed by temporal diseases or clinical facts. Fourth, not all
factors correlated with protein intake and glycemic control were taken into consideration when data were collected such
as the sources or type of protein intake, duration, protein intake level according to RDA, plasma amino acid concentra-
tions, insulin, and HOMA-IR.

In conclusion, high protein intake is associated with poor glycemic control as determined by the HbA1c¢% among
insulin-treated patients with diabetes. The intermediate role of using insulin in the relationship between glycemic control
and high protein intake in diabetic patients needs further investigations.
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