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We aimed to look at the potential relationship between patterns of protein intake and risk of death in 
adults with type 2 diabetes. We included 4646 adults with type 2 diabetes participating in NHANES 
(1999–2018). We estimated intake of proteins from 11 animal- and plant-based food groups and 
then, used principal component analysis to explore data-driven patterns of protein intake. All-cause 
mortality was ascertained through linkage to National Death Index until December 31, 2019 (n = 969 
deaths). Cox proportional hazard regression models were used to calculate hazard ratios (HRs) 
and 95% confidence intervals (CIs). Four dietary protein patterns were identified: “healthy” (high 
in proteins from legumes, fruits, nuts, seeds, and fish and low in red meat protein), “red meat and 
egg” (high in red meat and egg proteins and low in fish and poultry proteins), “vegetables/fish” and 
“dairy/nuts” patterns. The HRs of all-cause mortality for the highest compared to the lowest quartile 
of “healthy” and “red meat and egg” protein patterns were, respectively, 0.77 (95%CI: 0.62, 0.97; 
Ptrend = 0.014) and 1.28 (95%CI: 1.06, 1.54; Ptrend = 0.033). Greater adherence to a healthy protein 
pattern may be associated with a reduced risk of death in patients with type 2 diabetes, while greater 
adherence to a dietary pattern rich in red meat and egg proteins and low in fish and poultry proteins 
may be associated with a higher risk.
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Type 2 diabetes is a leading factor in global mortality and disability1, with around 540 million adults currently 
affected by the disease worldwide2. Evidence obtained from epidemiologic and intervention studies presents a 
strong case for the important impacts of dietary modifications in the management of type 2 diabetes, consequently 
aiding in alleviating the substantial burden of mortality and complications associated with diabetes3,4.

High-protein diets have become popular for their ability to promote healthy aging, control weight, and 
decrease cardiometabolic risk factors in people with type 2 diabetes5–8. A meta-analysis of nine randomised 
trials in patients with type 2 diabetes in 2013 indicated that high-protein diets (25–32% of total energy) improved 
body weight and glycated hemoglobin (HbA1c) when compared with low-protein diets (15–20% of total energy), 
but had no significant effects on blood pressure, blood lipids and fasting plasma glucose (FPG)9. The selection 
of protein-rich food sources is crucial not only in terms of the amount of protein ingested but also due to 
its potential influence on various dietary components such as macro- and micronutrients, which could affect 
human health and well-being. Findings from short-term randomized trials indicate that substituting animal 
proteins with plant proteins could lead to a modest improvement in HbA1c and FPG levels among individuals 
diagnosed with type 2 diabetes10.

At present, the epidemiological data on the association between dietary protein consumption and health 
outcomes such as all-cause mortality in individuals with type 2 diabetes is limited and lacks consistency11. Most 
of this data comes from large-scale population-based cohort studies that reported the findings in the subgroup 
of patients with diabetes12–14. The findings from two large cohort studies conducted on health professionals in 
the US showed that consuming higher amounts of plant proteins was associated with a decreased risk of overall 
mortality in the subgroup of individuals with type 2 diabetes14. Conversely, there was a positive link between the 
consumption of animal proteins and the risk of overall mortality14. Another study found an inverse relationship 
between the intake of plant proteins and the risk of all-cause mortality among patients with type 2 diabetes who 
took part in the US National Institutes of Health–AARP Diet and Health Study13. An analysis conducted on 6213 
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patients with type 2 diabetes involved in the ONTARGET study found an inverse relationship between animal 
protein consumption and mortality risk and a lack of association for plant protein intake12.

Evidence suggests that the effect of foods on health is determined not solely by specific nutrients, but also by 
the way in which these nutrients interact with each other15. Nutrition research has transitioned in recent years 
from a narrow focus on individual nutrients to a greater emphasis on the overall quality of the diet16. In fact, 
dietary pattern analysis may provide a border image of individual’s diet than that of single foods or food groups. 
Due to the inconsistency in the data regarding the association between dietary proteins and mortality risk in 
patients with type 2 diabetes, we aimed to look at the link between patterns of dietary protein intake, identified 
by principal component analysis, and the risk of death from all-cause in a nationally representative sample of US 
adults with type 2 diabetes.

Subjects and methods
Study participants
The National Health and Nutrition Examination Survey (NHANES) is a periodic survey that presents population 
information regarding nutrition and health of a nationally representative sample of the US children and adults17.

For the present study, we used data from continuous NHANES 1999–2018. First, we selected patients 
with type 2 diabetes at enrollment, resulting in a total of 9516 patients with type 2 diabetes being included. 
As done in previous research18, we selected patients that had at least one of the following criteria as having 
type 2 diabetes: self-reported physician-diagnosed type 2 diabetes, use of oral hypoglycemic medications or 
injection of insulin, FPG ≥ 126 mg/dL (7 mmol/L), 2-hour plasma glucose ≥ 200 mg/dL (11.1 mmol/L) after 
an oral glucose tolerance test, or HbA1c ≥ 6.5% (48 mmol/mmol). Second, we excluded patients with the 
following criteria: patients younger than 20 years (n = 192), pregnant females (n = 33), those with a history of 
cardiovascular disease (n = 1984) and cancer (n = 1308), patients with unreliable dietary recalls (n = 1010), those 
with implausible energy intake, defined as < 600 and > 3500 kcal in females and < 800 and > 4200 kcal in males 
(n = 166)19, patients with no information on dietary intake (n = 166), and those with no follow-up information 
(n = 11). Finally, 4646 patients proved eligible for inclusion (Supplementary Fig. 1).

Assessment of dietary intake
Dietary intake was evaluated via one 24-hour dietary recall in NHANES 1999–2002 and two 24-hour dietary 
recalls in NHANES 2003–2018. We included patients that had one reliable dietary recall in NHANES 1999–2002. 
In NHANES 2003–2018, we included patients that had two reliable dietary recalls and then, averaged dietary 
intakes over the two recalls. We estimated intake of protein from 11 animal- and plant-based dietary protein 
sources including dairy products, red meat, fish, poultry, egg, grains, fruits, vegetables, nuts, legumes and seeds 
and then, calculated percentage of energy from individual dietary protein sources for dietary pattern analysis.

Ascertainment of mortality
All-cause mortality was ascertained using Public-use Linked Mortality files until December 31, 2019, by 
establishing a connection to National Death Index records20. We defined all-cause mortality as all specified and 
unspecified causes of death.

Assessment of covariates
We used publicly available data to obtain information regarding covariates. Trained interviewers, through 
personal structured interviews and standardized questionnaires at home, gathered detailed information on 
sociodemographic characteristics, physical activity, smoking status, history of hypertension, medical history, 
and diabetes duration and medication. Smoking status was categorized into three groups: never, former, and 
current smokers. Those who had smoked less than 100 cigarettes in their lifetime were considered as never 
smokers18. We defined current and former smokers as those who reported smoking > 100 cigarettes in their 
lifetime and those who reported smoking > 100 cigarettes and had quit smoking, respectively18. We classified 
study participants based on their level of physical activity as inactive, defined as those with no leisure-time 
physical activity, insufficiently active, defined as those who reported moderate-intensity leisure-time activity 
1–5 times per week or vigorous-intensity leisure-time activity 1–3 times per week, and active group, defined 
as those who reported moderate-to-vigorous activity more than above21. Alcohol drinking was divided into 
three groups: non-drinkers, light-to-moderate drinkers (less than 1 drink per day in women and less than 2 
drinks per day in men), and heavy drinkers (1 or more drinks per day in women and 2 or more drinks per day 
in men)22. Measurements of height and weight were taken as part of health examinations conducted at a mobile 
examination center. Body mass index (BMI) was calculated as weight/height2 (kg/m2). Laboratory analyses 
including the measurement of serum total cholesterol at recruitment were conducted via specimen analyses in 
the laboratory23.

Statistical analysis
We performed all analyses by incorporating sample weights, strata, and clustering to generate robust national 
estimates. Percentages of missing covariates were < 5%, except for family income-poverty ratio (9.1%). We 
performed multiple imputation to reduce sample size reduction by missing covariates.

We applied principal component analysis to explore data-driven patterns of protein intake. Principal 
component analysis is a statistical technique used for data reduction, which aids in identifying underlying 
structures and relationships among different nutrients by reducing the number of variables in a dataset 
while preserving crucial information24. First, we calculated percentage of energy from 11 different animal-
based and plant-based proteins and examined the relationships between individual dietary proteins. Usually, 
correlation coefficients are computed for the purpose of identifying significant associations. Then, utilizing 
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the chosen correlated variables, a covariance matrix was formulated that presented a comprehensive overview 
of the associations among every conceivable pair of variables, offering an assessment of the magnitude and 
direction of these associations. The individual dietary proteins were then transformed to new variables named 
principal components, presenting uncorrelated linear combinations of individual dietary proteins. Subsequently, 
varimax rotation was implemented to optimize the variance of the loadings (weights) of the initial variables on 
every principal component. We identified the nutrients that contribute to each component using the loadings 
(weights) of dietary proteins on each principal component. Dietary proteins with a factor loading > 0.20 were 
considered to contribute to each component, with a higher factor loading indicating a stronger contribution to 
the construction of the principal component. Principal components were retained for additional analyses based 
on Eigen values obtained in the scree plot. In the present study, principal components with Eigen values of ≥ 1 
were kept to determine dietary patterns25. The factorability of the data was validated through the utilization 
of the Kaiser–Meyer–Olkin test for assessing sample adequacy and Bartlett’s test for examining sphericity, 
successfully yielding precise statistical estimates for this sample.

We classified dietary pattern scores into quartiles and reported the characteristics of the study participants 
across quartiles in the form of mean ± SD for continuous variables and number (percentage) for categorical 
variables. Potential differences among quartiles were analyzed using various statistical tests. The one-way 
ANOVA was employed for continuous variables and the x2 test was utilized for categorical variables. We used 
Cox proportional hazards regression models to calculate hazard ratios (HRs) and 95% confidence intervals 
(CIs) of all-cause mortality across quartiles of dietary pattern scores. The values of person-time were derived 
by calculating the time interval between the date of the NHANES interview during recruitment and the date of 
either mortality or the end of the follow-up period, which was determined as December 31, 2019, whichever 
event occurred earlier.

Two statistical models were applied. In the first model, we controlled for age (continuous, years), sex (male 
or female), and race/ethnicity (non-Hispanic White, non-Hispanic Black, Mexican American, or other). In 
model 2, we additionally controlled for BMI (continuous, kg/m2), family income-to-poverty ratio (≤ 1, 1–3, or 
> 3), education level (< high school, high school or equivalent, or ≥ college), physical activity status (inactive, 
insufficiently active, or active), smoking status (never, former, or current), alcohol drinking (non-drinker, light-
to-moderate drinker, or heavy drinker), self-reported history of hypertension (yes or no), insulin use (yes or 
no), duration of diabetes (< 3, 3–10, or > 10 years), baseline HbA1c (< 7 or ≥ 7%), serum total cholesterol (in 
quintiles), dietary supplement use (yes or no), total energy intake (continuous), dietary fiber intake (continuous), 
and percentage of energy from saturated fats, monounsaturated fats, and polyunsaturated fats (continuous).

We performed several stratified analyses based on age (< 65 or ≥ 65 years), sex (male or female), race/
ethnicity (non-Hispanic White or other), BMI (< 30 or ≥ 30 kg/m2), smoking status (never/former or current), 
leisure-time physical activity (inactive or insufficient active/active), alcohol drinking (non-drinker or drinker), 
diabetes duration (< 3 or ≥ 3 years), insulin use (yes or no), and baseline HbA1c status (< 7 or ≥ 7%). We also 
performed three sensitivity analyses. First, we repeated the analyses after exclusion of deaths that occurred 
within the first two years of follow-up to minimize the potential for reverse causality bias. We also performed a 
sensitivity analysis after exclusion of participants in NHANES 1999–2002 since they completed only one dietary 
recall. This helps restrict the analyses to participants with two reliable dietary recalls and minimize measurement 
error due to recall bias. Finally, after a comment from one of the reviewers, we repeated the analyses considering 
the method introduced by National Cancer Institute (NCI) to estimate usual dietary intake26,27. This method 
necessitates the collection of two or more dietary recalls on non-consecutive days from a random sample of the 
population. This approach is designed to address both between-person and within-person variations in dietary 
intake and can be utilized to adjust for measurement errors when assessing the usual intake of nutrients27. A two-
step methodology was employed to assess the typical consumption of dietary proteins and the total daily caloric 
intake, utilizing the MIXTRAN and INDIVIT macros provided by the NCI27,28. For this sensitivity analysis, we 
restricted the analyses to participants with two dietary recalls. SAS 9.4 (SAS Institute; Cary, NC, USA) was used 
to estimate usual intakes using the NCI macros, and all other analyses were conducted using STATA software, 
version 17, considering a 2-tailed P value less than 0.05 as statistically significant.

Results
In total, 4646 patients with type 2 diabetes were included in the present study. The mean age of the participants 
was 58.4 ± 13.6 years, the mean BMI was 32.3 ± 7.4 kg/m2, and the average HbA1c at baseline was 7.4 ± 1.8% 
(Table 1). Of the study participants, 48% were male, 31% were non-Hispanic White, 41% had a college degree or 
above, 53% were never smoker and 33% were non-drinker.

Principal component analysis identified four major dietary protein pattern (Table 2). The first pattern was 
distinguished by a high consumption of proteins derived from fruits, legumes, seeds, nuts, and fish, coupled 
with a limited consumption of red meat protein. We named this protein pattern as “healthy”. The second pattern 
identified was the “red meat and egg” protein pattern, distinguished by a high consumption of red meat and egg 
proteins and a diminished consumption of poultry and fish proteins. The third pattern exhibited high intake of 
vegetables, fish, and red meat proteins while containing low levels of grains and legumes proteins, hence it was 
designated as the “vegetable and fish” protein pattern. The fourth protein pattern was “dairy and nut” protein 
pattern which was accompanied by a high intake of proteins derived from dairy, nuts, and fruits and low intake 
of proteins from fish and egg.

Characteristics of the study participants across quartiles of dietary protein pattern scores are summarized 
in Table 3. In brief, patients in the fourth quartile of “healthy” pattern were older, had a higher mean BMI, and 
were less likely to be female and non-Hispanic White compared to the first quartile. The proportion of patients 
who were physically inactive and current smoker was also lower in the fourth quartile in comparison to the first 
quartile. With regards to “red meat and egg” pattern, patients in the top quartile were younger, and were more 
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All participants

Patients (n) 4646

Age (years) 58.4 ± 13.6

Male sex, n (%) 2243 (48.3)

Race, n (%)

Non-Hispanic White 1457 (31.4)

Non-Hispanic Black 1031 (22.2)

Mexican American 790 (17.0)

Others 1368 (29.4)

Educational status, n (%)

Less than high school 1654 (35.6)

High school or equivalent 1070 (23.0)

College or above 1921 (41.3)

Family income-to-poverty ratio, n (%)

≤ 1 961 (20.7)

1.1-3 2345 (50.5)

> 3 1340 (28.8)

Leisure-time physical activity, n (%)

Inactive 1106 (23.8)

Insufficiently active 2659 (57.2)

Active 881 (19.0)

Drinking status, n (%)

Nondrinker 1533 (33.0)

Light-to-moderate drinker 2758 (59.4)

Heavy drinker 355 (7.6)

Smoking status, n (%)

Never smoker 2450 (52.8)

Former smoker 1404 (30.3)

Current smoker 786 (16.9)

BMI (kg/m2) 32.3 ± 7.4

HbA1c (%) 7.4 ± 1.8

HbA1c, n (%)

< 7% (< 53 mmol/mmol) 2512 (54.1)

≥ 7% (≥ 53 mmol/mmol) 2134 (45.9)

Diabetes duration (years) 7.04 ± 7.6

Diabetes duration, n (%)

< 3 years 2177 (46.9)

3–10 years 1090 (23.5)

> 10 years 1379 (29.7)

Self-reported hypertension, n (%) 2726 (58.7)

Dietary supplement use, n (%) 2399 (51.6)

Serum total cholesterol (mg/dL) 195.1 ± 40.3

Total energy intake (kcal/d) 1845.0 ± 687.9

Fiber intake (g/d) 16.5 ± 8.9

Cholesterol intake (mg/d) 291.1 ± 65.4

SFA intake (% energy) 11.0 ± 4.1

MUFA intake (% energy) 12.5 ± 3.2

PUFA intake (% energy) 7.9 ± 3.3

Protein (% energy) 16.8 ± 4.4

Table 1.  Bassline characteristics of the participants included in the study (n = 4646). Values are 
mean ± standard deviation for continuous variables and n (%) for categorical variables BMI body mass index, 
HbA1c glycated hemoglobin, MUFA monounsaturated fats, SFA saturated fats, PUFA polyunsaturated fats
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likely to be male and non-Hispanic White. The proportion of patients who were current smoker and alcohol 
drinker was higher in the top quartile in comparison to the bottom quartile. The four protein patterns accounted 
for 41.8% of total variation in dietary proteins.

The associations between dietary protein patterns and mortality in patients with type 2 diabetes are 
summarized in Table 4. Greater adherence to “healthy” protein pattern was associated with a reduced mortality 
risk, where multivariable-adjusted HRs and 95%CIs for the second, third, and fourth quartiles of “healthy” 
protein patterns were, respectively, 0.97 (95%CI: 0.81, 1.17), 0.80 (95%CI: 0.67, 0.96), and 0.77 (95%CI: 0.62, 
0.97) (Ptrend = 0.014; Table 4). The HRs across quartile of “red meat and egg” protein pattern were, respectively, 
1.00 (reference), 1.04 (95%CI: 0.86, 1.25), 1.05 (95%CI: 0.86, 1.29), and 1.28 (95%CI: 1.06, 1.54) (Ptrend = 0.033), 
suggesting that greatest adherence to “red meat and egg” protein pattern may be associated with a higher risk. No 
significant association was found between adherence to “vegetable and fish” and “dairy and nuts” dietary protein 
patterns and overall mortality in patients with type 2 diabetes.

The association of “healthy” and “red meat and egg” protein patterns with mortality risk remained significant 
and did not change materially when we excluded deaths that occurred during the first two years of follow-up 
(Supplementary Table 1), as well as when we restricted the analyses to patients with two reliable dietary recalls 
(Supplementary Table 2). The non-significant associations between “vegetable and fish” and “dairy and nuts” 
protein patterns and mortality risk persisted in the sensitivity analyses.

We also performed a series of stratified analyses by a few variables. Stratified analyses indicated that there 
was no significant difference across different subgroups defined based on age, baseline BMI, diabetes duration, 
baseline HbA1c, smoking status, alcohol drinking, physical activity, and insulin use (Supplementary Table 3). 
Within stratified analyses, the inverse relationship between a “healthy” dietary protein pattern and the risk of 
mortality appeared to be significant among individuals aged 65 years and older, females, individuals with a BMI 
less than 30 kg/m2, individuals who were never or former smokers, individuals who engaged in physical activity, 
individuals who did not use insulin, and those with a diabetes duration of less than 3 years. For “red meat and 
egg” dietary protein pattern, the positive association appeared to be significant among individuals aged 65 years 
and above, males, current smokers, alcohol drinkers, physically active individuals, and those with an HbA1c 
level below 7% (Supplementary Table 3).

We also performed an additional sensitivity analysis using dietary data obtained by the NCI approach. For 
this purpose, we limited the analyses to participants with two recalls, applied the NCI method to estimate dietary 
protein and total energy intakes, performed a factor analysis to generate data-driven dietary patterns, and then 
investigated the association between dietary patterns and all-cause mortality. This methodology yielded four 
dietary patterns that closely resembled those found in the primary analysis, albeit with some variations, such 
as a high factor loading of vegetable proteins within the “healthy” protein pattern and the exclusion of legumes 
from the “red meat and egg” and “vegetable and fish” dietary patterns (Supplementary Table 4). The relationship 
between these dietary patterns and all-cause mortality is detailed in Supplementary Table 5, indicating a 
somewhat more pronounced inverse association for the “healthy” dietary pattern compared to the primary 
analysis. Other findings remained largely unchanged in this sensitivity analysis.

Discussion
In the present prospective cohort study involving a representative sample of US adults with type 2 diabetes, 
we found that greater adherence to the “healthy” dietary protein pattern, rich in proteins derived from fruits, 
legumes, nuts, seeds, and fish, and low in red meat protein, was associated with a graded decrease in the risk of 
type 2 diabetes. By contrast, greater adherence to the “red meat and egg” protein pattern, rich in red meat and 
egg proteins and low in poultry and fish proteins, was associated with a higher risk. No association was found 
between adherence to the “vegetables and fish” and “dairy and nuts” protein patterns and mortality risk.

Dietary protein patterns Healthy Red meat and egg Vegetables and fish Dairy and nuts

Protein source

Dairy protein - - - 0.68

Red meat protein -0.28 0.67 0.25 -

Poultry protein - -0.53 - -

Fish protein 0.29 -0.26 0.33 -0.48

Egg protein - 0.50 - -0.40

Grains protein - - -0.62 -

Fruits protein 0.58 - - 0.25

Vegetables protein - - 0.69 -

Legumes protein 0.54 0.21 -0.27 -

Nuts protein 0.37 - - 0.37

Seeds protein 0.36 - - -

Total variance (%) 10.76 10.61 10.35 10.08

Table 2.  Factor loading matrix for major dietary patterns in patient with type 2 diabetes participants in 
NHANES 1999–2018 (n = 4646).
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Research on the link between dietary patterns and mortality among individuals diagnosed with type 2 
diabetes is currently lacking and limited to predefined index-based dietary patterns. Previous cohort studies 
have suggested that greater adherence to healthy dietary patterns such as the Mediterranean dietary pattern29, 
Alternative Healthy Eating Index30, the Dutch Healthy Nutrient and Food Score31, and Dietary Approaches to 
Stop Hypertension32 was linked to a reduced all-cause mortality risk. We are not aware of any other cohort study 
that investigated the association between posteriori-defined data-driven patterns of protein intake and risk of 
all-cause mortality in patients with type 2 diabetes.

To our knowledge, there is only one cohort study that investigated the association between posterior dietary 
patterns and mortality risk in individuals with type 2 diabetes29. An examination conducted on a cohort of 1995 
individuals diagnosed with type 2 diabetes as part of the MOLI-SANI study in Italy employed principal factor 
analysis to investigate dietary patterns. The study revealed that a higher level of compliance with the dietary 
pattern labeled as “olive oil and vegetables”, characterized by a high intake of olive oil, vegetables, fruits, legumes, 
and fish, exhibited a link with a decreased risk of mortality in the model adjusted for age and sex, although this 
association was not significant in the fully adjusted model29. The investigation further revealed that a greater 
adherence to the dietary pattern characterized by consumption of eggs and sweets was linked to a rise in the 
overall risk of mortality, albeit lacking statistical significance29.

Indeed, there is sparse and inconsistent epidemiological evidence concerning the relationship between 
dietary protein consumption and the risk of various health consequences, such as overall mortality, in individuals 
diagnosed with type 2 diabetes11. Two large prospective cohort studies conducted on health professionals in the 
US indicated that higher consumption of plant proteins was linked with a reduced risk of all-cause mortality 
in the subgroup of individuals with type 2 diabetes. They also found a positive association between consuming 
animal proteins and all-cause mortality risk14. Another study indicated an inverse association between the 
consumption of plant proteins and all-cause mortality risk in the subgroup of patients with type 2 diabetes 
participating in the US National Institutes of Health–AARP Diet and Health Study13. In contrast, an evaluation 
among 6,213 patients with type 2 diabetes participating in the Telmisartan Alone and in Combination With 
Ramipril Global Endpoint Trial (ONTARGET) suggested an inverse association for animal protein intake and 
no association for plant proteins12.

Our results align with the findings documented in prior studies regarding the relationship between specific 
foods or food groups and the risk of mortality among individuals diagnosed with type 2 diabetes. Prior meta-

Healthy pattern Quartile 1 Quartile 2 Quartile 3 Quartile 4 Ptrend

No. of death/total 264/1161 234/1162 266/1162 205/1161

Crude 1 1.05 (0.89, 1.25) 0.86 (0.73, 1.03) 0.80 (0.65, 0.94) 0.005

Model 1 1 0.83 (0.70, 0.98) 0.73 (0.61, 0.87 0.66 (0.55, 0.80) < 0.001

Model 2 1 0.97 (0.81, 1.17) 0.80 (0.67, 0.96) 0.77 (0.62, 0.97) 0.014

Red meat and egg pattern

No. of death/total 210/1161 236/1162 256/1162 267/1162

Crude 1 1.02 (0.85, 1.22) 1.22 (1.01, 1.46) 1.30 (1.08, 1.55) 0.007

Model 1 1 1.01 (0.83, 1.21) 1.07 (0.89, 1.28) 1.30 (1.08, 1.55) 0.010

Model 2 1 1.04 (0.86, 1.25) 1.05 (0.86, 1.29) 1.28 (1.06, 1.54) 0.033

Vegetables and fish pattern

No. of death/total 225/1161 243/1162 267/1162 234/1161

Crude 1 1.14 (0.95, 1.37) 1.19 (0.99, 1.43) 1.16 (0.97, 1.39) 0.251

Model 1 1 1.00 (0.83, 1.21) 1.06 (0.88, 1.28) 0.96 (0.80, 1.16) 0.737

Model 2 1 0.94 (0.77, 1.14) 0.99 (0.82, 1.21) 0.95 (0.78, 1.15) 0.879

Dairy and nuts pattern

No. of death/total 221/1161 218/1162 254/1162 276/1162

Crude 1 0.97 (0.80, 1.17) 1.09 (0.91, 1.30) 1.11 (0.93, 1.33) 0.371

Model 1 1 0.93 (0.77, 1.12) 0.97 (0.81, 1.17) 0.90 (0.75, 1.08) 0.687

Model 2 1 0.91 (0.75, 1.10) 0.98 (0.81, 1.19) 1.00 (0.82, 1.21) 0.746

Table 4.  Hazard ratios and 95%CI of all-cause mortality across quartiles of major dietary protein patterns 
among participants with type 2 diabetes in NHANES 1999–2018 (n = 4646). Model 1: Adjusted for age 
(continuous), sex (male or female), and race/ethnicity (non-Hispanic White, non-Hispanic Black, Mexican 
American, or other). Model 2: Model 1 + BMI (continuous), education level (less than high school, high 
school or equivalent, or college or above), family income-to-poverty ratio (≤ 1.0, 1.0–3.0, or > 3.0), smoking 
status (never smoker, former smoker, or current smoker), leisure-time moderate-to-vigorous physical 
activity (inactive group, insufficiently active group, or active group), supplement use (yes or no), insulin 
use (yes or no), diabetes duration (< 3, 3–10, 10 years), HbA1c (< 7% or ≥ 7%), self-reported history of 
hypertension (yes or no), serum total cholesterol (in quintiles), total energy intakes (continuous), dietary fiber 
intake (continuous), dietary vitamin C intake (continuous), and percentage of energy from saturated fats, 
monounsaturated fats, and polyunsaturated fats (all as continuous).
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analyses conducted on cohort studies revealed a link between increased consumption of fruits, fish, and nuts 
and a decreased risk of mortality among individuals diagnosed with type 2 diabetes11,33. Our research also aligns 
with these results, demonstrating an inverse relationship between adherence to a “healthy” dietary protein 
pattern, characterized by a high intake of proteins derived from fruits, legumes, nuts, seeds, and fish, and the 
risk of mortality. We also identified a positive relationship between adherence to the “red meat and egg” dietary 
protein pattern and mortality. This observation aligns with earlier studies that have shown a positive relationship 
between egg consumption and mortality risk in individuals with type 2 diabetes. Furthermore, there was a non-
significant positive relationship between red meat consumption and mortality in individuals with diabetes11.

Within stratified analyses, the inverse relationship between a “healthy” protein pattern and the risk of 
mortality appeared to be significant among individuals with a BMI less than 30 kg/m2, never or former smokers, 
individuals who engaged in physical activity, individuals who did not use insulin, and those with a diabetes 
duration of less than 3 years. This suggests that beneficial effects of a healthy dietary protein pattern could be 
amplified by additional healthy lifestyle-related behaviors or may be particularly evident among patient with 
better prognosis. For “red meat and egg” dietary protein pattern, we found that the negative effects of the “red 
meat and egg” dietary protein pattern may be exacerbated when combined with other unhealthy habits like 
smoking and alcohol drinking.

Current recommendations for patients with type 2 diabetes available in existing guidelines encourage the 
choice of plant-based dietary sources of proteins34–36; however, their recommendations are mostly based on 
the data from the general population, or mainly derived from intervention studies that focused on surrogate 
markers. Although short-term randomised trials have suggested that replacement of animal proteins with plant 
proteins may slightly improve HbA1c and FPG in patients with type 2 diabetes10, the long-term consequences of 
dietary protein intake in patients with type 2 diabetes have been inconsistent. Therefore, there is a pressing need 
to presenting high-quality evidence on the association between dietary proteins and all-cause mortality risk in 
patients with type 2 diabetes. Our research provides corroborative evidence that aligns with existing guidelines 
advocating for an increase in the consumption of animal-based proteins while advising a reduction in the intake 
of proteins derived from red meat, particularly processed meat34–36.

Our study is strengthened by the inclusion of a nationally representative sample of patients with type 2 diabetes 
from the continuous NHANES data from 1999 to 2018. Furthermore, we limited our analyses to patients with 
reliable dietary recalls, conducted multiple subgroup and sensitivity analyses, and controlled for a wide array of 
potential confounders including sociodemographic variables, lifestyle factors, glycemic control, blood lipids, 
diabetes duration, and insulin usage. Certain limitations have the potential to influence the outcomes of our 
research findings. First, despite utilizing data from a prospective cohort study, the observational design of the 
study prevented the establishment of causality. Additionally, self-administered dietary evaluation instruments 
like dietary recalls are prone to measurement errors. Furthermore, dietary evaluations were conducted only once 
at the beginning of the study, therefore, any possible alterations in dietary habits throughout the duration of the 
study were not considered. Finally, it is important to consider the potential impacts of unidentified and residual 
confounding factors while interpreting the findings.

Conclusions
The prospective cohort study we conducted on patients with type 2 diabetes who were part of continuous 
NHANES from 1999 to 2018 revealed that a higher adherence to a dietary pattern abundant in proteins from 
fruits, fish, nuts, seeds, and legumes, while being low in red meat protein, may be linked to a reduced risk of 
mortality in individuals with type 2 diabetes. Greater adherence to “red meat and egg” dietary protein pattern 
was linked with an increased risk. Further longitudinal studies are required to validate our results and identify 
beneficial sources of dietary protein for individuals with type 2 diabetes.

Data availability
Data availability statement: Data described in the manuscript, code book, and analytic code generated in this 
study are available from the corresponding author upon request.
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