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Abstract

Background: Protein intake above the RDA attenuates cardiometabolic risk in overweight and obese adults during weight
loss. However, the cardiometabolic consequences of consuming higher-protein diets in free-living adults have not been
determined.

Objective: This study examined usual protein intake [g/kg body weight (BW)] patterns stratified by weight status and their
associations with cardiometabolic risk using data from the NHANES, 2001-2010 (n = 23,876 adults =19 y of age).
Methods: Linear and decile trends for association of usual protein intake with cardiometabolic risk factors including blood
pressure, glucose, insulin, cholesterol, and triglycerides were determined with use of models that controlled for age, sex,
ethnicity, physical activity, poverty-income ratio, energy intake (kcal/d), carbohydrate (g/kg BW) and total fat (g/kg BW)
intake, body mass index (BMI), and waist circumference.

Results: Usual protein intake varied across deciles from 0.69 + 0.004 to 1.51 = 0.009 g/kg BW (means = SEs). Usual
protein intake was inversely associated with BMI (—0.47 kg/m? per decile and —4.54 kg/m? per g/kg BW) and waist
circumference (—0.53 cm per decile and —2.45 cm per g/kg BW), whereas a positive association was observed between
protein intake and HDL cholesterol (0.01 mmol/L per decile and 0.14 mmol/L per g/kg BW, P < 0.00125).

Conclusions: Americans of all body weights typically consume protein in excess of the RDA. Higher-protein diets are
associated with lower BMI and waist circumference and higher HDL cholesterol compared to protein intakes at RDA

levels. Our data suggest that Americans who consume dietary protein between 1.0 and 1.5 g/kg BW potentially have a

-

lower risk of developing cardiometabolic disease. J Nutr2015;145:605-14.
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Introduction

Diets that promote protein intake above the RDA [0.8 g/kg body
weight (BW)] are extremely popular. Studies have demonstrated
that higher-protein diets promote healthy weight management
(1, 2) and spare lean body mass during weight loss (3-10).
Increasing dietary protein intake at the expense of carbohydrate
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may also lower cardiometabolic risk (11) because diets higher in
protein and lower in carbohydrate appear to reduce blood pressure
(12, 13) and improve glycemic regulation (11, 14) and blood lipid
profiles (10, 12, 15-17). The cardiometabolic benefits of higher-
protein diets are often greater than or equal to those observed when
consuming lower-fat, higher-carbohydrate diets consistent with the
2010 Dietary Guidelines for Americans (18) and recommendations
of the AHA (19). However, most of the studies reporting benefits of
higher-protein diets were conducted in overweight and obese adults
during well-controlled weight loss interventions. Whether these
findings apply to free-living adults habitually consuming higher-
protein diets independent of body size, total energy, and macro-
nutrient intake has not been established.

Despite evidence from clinical trials suggesting that higher-
protein diets may lower cardiometabolic risk, concerns exist
regarding the potential long-term adverse health effects of habit-
ually consuming high protein diets (20-23), and precisely what
level of protein intake results in optimal health remains contro-
versial (24-27). Prospective studies have suggested that consuming
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dietary protein at upper levels of the acceptable macronutrient
distribution range (10-35% total energy intake) may increase
cardiometabolic risk (28) and all-cause mortality (29, 30). Partial
data from the NHANES III suggests that cardiometabolic-related
mortality is higher in middle-aged adults (50-65 y of age)
consuming higher-protein diets compared with similarly aged
adults consuming lower-protein diets (20). The authors of that
paper recommend that middle-aged adults consume dietary
protein at levels consistent with the RDA, although the authors
also recommended that older (>65 y of age) adults should increase
protein intake above the RDA to increase longevity and lower
cardiometabolic-related mortality. Conflicting data and experi-
mental limitations (e.g., sample size, dietary analysis, interven-
tional vs. prospective) within and across studies make it difficult to
reconcile these studies leading to confusion among clinicians, the
nutrition community, and the lay public regarding the true asso-
ciation between dietary protein and cardiometabolic health.

This study evaluated dietary protein intake patterns among US
adults and assessed relations between habitual protein intake and
cardiometabolic risk with use of data from the NHANES, 2001-
2010. Whether habitual protein intake patterns and their asso-
ciations with cardiometabolic risk are differentially influenced by
BW status was also assessed by stratifying the study population by
BMI. We expected that protein intake would exceed the RDA. We
hypothesized that higher-protein diets would be associated with
biomarkers suggestive of reduced cardiometabolic risk, and that
the effects of dietary protein would be more pronounced in
overweight and obese adults than in normal weight adults.

Methods

Participants. The study population consisted of 23,876 adults (=19 y of
age) who completed a 24-h dietary recall in “What We Eat in America,”
the dietary interview component of the NHANES, 2001-2010 (31).
Analyses included only individuals with complete and reliable dietary
records as determined by the National Center for Health Statistics staff.
Pregnant or lactating women were excluded. Underweight individuals
(BMI <18.5 kg/m?) were also excluded (n = 421, 1.76% of population;
164 males and 257 females) because these individuals could have a chronic
disease or an eating disorder. Individual usual protein intake (g/kg BW)
was determined with use of the National Cancer Institute method (32)
with DRI age groups, day of the recall, and a weekend flag (Monday-
Thursday vs. Friday—Sunday) as covariates.

All subjects were separated into deciles of individual usual protein
intake. The population was then stratified by BW status: normal weight
(BMI: 18.5-24.9 kg/m?; n = 7131), overweight (BMI: 25.0-29.9 kg/m?;
n = 8374), and obese (BMI: >30 kg/m?; n = 8376). Individual usual
protein intake deciles were then determined according to BMI categories.
Demographics (age, sex, race/ethnicity) and dietary intake characteris-
tics (energy and macronutrient intake) of the population within deciles of
protein intake were determined for the entire population and stratified
by BMI categories.

Cardiometabolic risk factors. BMI, waist circumference, blood
pressure (diastolic and systolic), fasting serum TGs, total cholesterol,
LDL cholesterol, HDL cholesterol, blood glucose, and insulin concen-
trations were obtained from examination (33) and laboratory files (34).
HOMA-IR was calculated as the product of plasma insulin (pmol/L) and
glucose (mmol/L)/22.5 (35).

Statistical analysis. Analyses were completed with use of SAS 9.2 (SAS
Institute) and SUDAAN release 11.0 (Research Triangle Institute) for
sexes combined and separately for each sex. Appropriate weighting
factors were used to adjust for oversampling of selected groups, survey
nonresponses of some individuals, and for day of the week the interview
was conducted (36). Least square means (* SEs) of cardiometabolic risk
variables were determined for subjects in each decile of habitual protein
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intake (g/kg BW) with use of PROC REGRESS of SUDAAN after ad-
justment for covariates. Three covariate models were employed: model 1—
adjusted all variables for sex (combined sexes only), race/ethnicity, age,
physical activity (categorized as sedentary, moderate, or vigorous based on
responses to questions on activity), and poverty-income ratio; model 2—
adjusted all variables for the covariates in model 1 and also for individual
usual energy intake (kcal/d); and model 3—where BMI and waist cir-
cumference were adjusted for the covariates in model 1 and also individual
usual intake of carbohydrates (g/kg BW) and total fat (glkg BW), whereas
the remaining cardiometabolic variables were adjusted for covariates in
model 1, individual usual intake of carbohydrates (g/kg BW) and total fat
(g/kg BW), and BMI. Analyses were also conducted to determine whether
medication use (related to blood pressure, lipids, or insulin management)
affected model 3 results.

Both a linear trend of habitual dietary protein intake as a continuous
variable and a linear trend across deciles of habitual protein intake were
computed with use of the covariate-adjusted models described above.
Subjects with missing data for a variable of interest were eliminated from
that particular analysis. Significance was set at a Bonferroni-adjusted a
of P <0.00125 [P < 0.05 divided by 40 (4 weight classification groups
and 10 sets of variables analyzed)].

Results

Median habitual protein intake for the entire population more
than doubled from decile 1 to decile 10 (Table 1). A higher
percentage of females consumed protein within deciles 1 through
5, whereas a higher percentage of males consumed protein within
deciles 6 through 10 (Table 1). Age decreased across increas-
ing deciles of protein intake. Similar demographic trends were
observed when the analyses were stratified by weight status.
Energy and macronutrient intake also increased across the deciles
for the total population and within weight classifications (Table 2).

BMI and waist circumference, for the total population and
within weight classifications, were inversely associated with
habitual protein intake as a continuous variable and when
examined by deciles of habitual protein intake (Table 3). Using
model 2 (additionally adjusted for energy intake), the relation
between habitual protein intake and BMI was significant for
deciles of habitual protein intake in the entire population but not
when the analyses were stratified by weight classification. Using
model 3 (additionally adjusted for other macronutrient intake),
habitual protein intake as a continuous variable and deciles of
habitual protein intake were associated with BMI in all subjects
and for overweight and obese but not normal weight subjects.
Using model 2, the relation of habitual protein intake with waist
circumference was significant for protein intake as a continuous
variable and for deciles of habitual protein intake in all subjects.
When the population was stratified by weight classification and
adjustments for energy intake were made (model 2), there was a
significant association of habitual protein intake in overweight
subjects only. Using model 3, habitual protein intake as a
continuous variable and deciles of habitual protein intake were
associated with waist circumference in all subjects and within
each weight classification.

Habitual protein intake was not associated with any other
cardiometabolic risk factor after appropriate adjustments for
energy and macronutrient intake with the exception of HDL
cholesterol (Table 4). There was a positive association of
habitual protein intake as a continuous variable, and deciles of
habitual protein intake, with HDL cholesterol in all subjects and
when subjects were stratified by weight classification. Using
model 2, the positive relation between habitual protein intake
and HDL cholesterol was significant for all subjects, and par-
ticularly for overweight individuals. Using model 3 (including
adjustment for BMI), both decile and continuous measurement of
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TABLE 1 Demographics of US adults according to individual usual protein intake and BW classifications’

Decile of individual usual protein intake

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10
All subjects (n = 23,876)
Sample size, n 2775 2689 2537 2351 2377 2315 2187 2210 2180 2255
Median protein intake, g/kg BW 0.69 0.80 0.87 0.93 0.99 1.05 1.12 1.20 1.30 1.51
Female, % 845+10 768+09 683+12 606=+12 551*14 456+15 397*12 318x15 26712 167 +12
Age, y 524 + 04 528 05 513*06 493 *+06 49106 469=*+04 44604 430*+04 39604 356=04
Ethnicity, %
Hispanic 90+11 M1 *+13 106*=12 109=*=12 10111 1M7*x12 13711 13311 147*x13 169=*15
White 686 21 709+19 732x19 725+x18 756*17 735x18 729x17 703x17 684*19 683x19
Black 191+16 133*+12 122+13 105*+10 103*+10 97+08 82=+09 99+09 96=+08 97=*08
Other 33+05 47%+07 39*+05 61*x10 40*x06 50*+06 52+08 64=*+10 7310 52=*07
Normal weight (n = 7131)
Sample size, n 778 744 705 691 704 709 712 695 671 722
Median protein intake, g/kg BW 0.76 0.87 0.94 1.01 1.08 1.14 122 1.30 1.43 1.64
Female, % 852+ 15 79818 72722 660=*25 639*23 606*27 509*24 421x24 278+28 19923
Age, y 513 +08 498 +09 488+09 463+09 441+08 440*+08 4808 37607 36307 336=07
Ethnicity, %
Hispanic 7010 75*+12 59*x09 87%x12 87=%x13 107*x13 11*x12 132*x16 130=*x18 157 =*19
White 78121 75723 792+20 780+21 74824 731+22 701 *25 702+26 684+28 69124
Black 104 =11 83+10 72*+11 71*x10 78=*x10 90=*x12 86=*x12 90=*13 92=*x13 93=*10
Other 46 +10 85*x15 78%x15 62=*x13 87=x17 72*x13 102=x21 76=*x15 94=*x18 53=*12
Overweight (n = 8371)
Sample size, n 976 951 904 847 797 809 774 789 728 796
Median protein intake, g/kg BW 0.71 0.83 0.90 0.95 1.01 1.06 1.13 1.20 1.30 1.49
Female, % 800 +19 705+21 642+21 550+25 457 +29 343 +22 281 *x22 215*x20 15119 7810
Age, y 548 + 0.7 554 +08 527 +10 519*+08 51.7*+07 486*+06 45606 443*+07 41806 367 =06
Ethnicity, %
Hispanic 118=+20 10914 127*+16 120*x15 93*+12 144=*19 172*x21 157*+18 14818 187 *18
White 694 31 74424 725+23 736*26 767*x21 741x22 T712+27 694+23 701 *26 66023
Black 142+17 1M5=x16 106=x14 92=*+11 102=*x12 78=x11 7310 10112 89=*12 106=*14
Other 47 12 3210 42=*11 53+18 39*x12 37*x09 44=*11 49=*12 62=*12 48=*12
Obese (n = 8374)
Sample size, n 992 865 944 897 840 819 810 721 699 781
Median protein intake, g/kg BW 0.64 0.74 0.80 0.85 091 0.96 1.02 1.09 1.17 1.33
Female, % 9.0 1.0 800*21 752+21 671*24 588+25 519+25 425+24 341+25 171 +x18 133+18
Age, y 519+ 08 516+08 521+08 502+07 481+08 475+09 473+07 450+08 41806 392=06
Ethnicity, %
Hispanic 94+13 87%x17 M6*x13 120*x16 129=*+18 134*+17 13=*x15 118=*x17 16020 191 =*24
White 625 +30 700+23 688+25 693 +26 674+27 706+26 730x22 708*25 727+24 65927
Black 254 +24 182+18 160+18 161 +21 154+17 135+x17 12414 12514 90+11 114+12
Other 28+08 36*+09 36%x09 27*x07 43*+10 25*09 33*+08 50=*x11 23*x07 36=*09

" Values are least square means * SEs with the exception of sample size (n) and decile median protein intake (g/kg BW). Source: NHANES, 2001-2010. BW, body weight; D, decile.

habitual protein intake were still associated with HDL cholesterol
in all subjects and for overweight individuals. Continuous
measurements of habitual protein intake were also positively
associated with HDL cholesterol in normal weight individuals,
but decile of habitual protein intake relation was not significant.

Analyses were also conducted to examine sex-based differ-
ences, however, the results were not different from those
described above; habitual protein intake was inversely associ-
ated with BMI and waist circumference and positively associated
with HDL cholesterol to a similar extent in men and women
(Supplemental Tables 1-4). No other associations were observed
when analyzing the data by sex. Finally, including relevant
medication use in models where appropriate did not alter the
associations between dietary protein and cardiometabolic risk
(data not shown).

Discussion

The major findings from this prospective, cross-sectional study are
the following: 1) Americans habitually consume protein in excess
of the RDA; and 2) higher-protein diets are associated with lower
BMI, waist circumference, and higher HDL cholesterol. The
potential health effects of higher-protein diets appear to be more
pronounced in overweight individuals (BMI: 25.0-29.9 kg/m?)
than in normal weight (BMI: 18.5-24.9 kg/m?) and obese
individuals (BMI: >30 kg/m?). These findings are consistent with
previous studies (10-17) and suggest that the cardiometabolic
advantages of higher-protein diets are largely independent of
energy, carbohydrate, and fat intake, but appear limited to HDL
cholesterol, waist circumference, and BMI.

The RDA (0.8 g/kg BW) represents a minimum level of
protein consumption required to avoid a deficiency that would
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TABLE 2 Energy and macronutrient intake according to individual usual protein intake and BW classifications in US adults'

Decile of individual usual protein intake

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10
All subjects (n = 23,876)
Sample size, n 2775 2689 2537 2351 2377 2315 2187 2210 2180 2255
Median protein intake, g/kg BW 0.69 0.80 0.87 0.93 0.99 1.05 1.12 1.20 1.30 1.51
Energy intake, kcal/d 1119 =13 1469 =14 1679 =17 1823 =19 1995 =20 2163 = 15 2348 =22 2576 = 24 2886 = 22 3743 * 46
Protein, g/d 318+04 48403 57305 64406 733+05 816+05 903 +06 1028 =08 1178 £08 1650 = 1.4
Protein, % energy 12101 142+01 144x=01 150+01 156=*01 160=*01 16301 170=*x02 172=*=01 186 =02
Carbohydrates, g/d 1605 = 1.9 1945 =23 2156 =29 2301 = 2.7 2462 = 3.1 2639 =29 2829 =32 3039 =33 3340 £36 4142 =66
Carbohydrates, % energy 573 +03 525*+03 51.1*+03 50104 493+04 484 +04 480+03 468 +03 460+ 04 439 +03
Total fat, g/d 386+07 541*+07 626*+08 67611 75110 823+09 8911 97412 111.0=*13 146.1 =23
Total fat, % energy 305+03 329=*x03 333*x03 332*x03 335x03 341x03 338x03 340x03 344=*03 34803
Normal weight (n = 7131)
Sample size, n 778 744 705 691 704 709 712 695 671 722
Median protein intake, g/kg BW 0.76 0.87 0.94 1.01 1.08 1.14 1.22 1.30 1.43 1.64
Energy intake, kcal/d M5 +21 1419 +22 1647 =31 1773 =29 1929 = 24 2169 = 33 2336 + 37 2583 +33 2996 + 54 3903 + 79
Protein, g/d 288 +05 442 *+03 526=*+05 616=*+04 693*+06 791 *+06 88807 998 06 1225+ 08 1708 =25
Protein, % energy 1M2+02 134*+02 138*02 148+02 153+02 156=*02 162=*03 164 +02 174*+03 185=*03
Carbohydrates, g/d 1620 £30 191242 217047 2272 =43 2414 £ 47 2693 =43 2872 =53 3180 =58 3532 =90 4413 =113
Carbohydrates, % energy 585+ 07 533 *+06 523*+06 51206 495*+07 496+04 48805 48805 465 *+06 446 =05
Total fat, g/d 362+11 507=*10 579+13 636*14 715*+13 79718 862+22 944*+19 1118 =23 1505 + 34
Total fat, % energy 290+06 32305 31.7*x05 322*+04 33405 327+03 332x05 327x04 335*x04 345=*04
Overweight (n = 8371)
Sample size, n 976 951 904 847 797 809 774 789 728 796
Median protein intake, g/kg BW 0.71 0.83 0.90 0.95 1.01 1.06 1.13 1.20 1.30 1.49
Energy intake, kcal/d 1054 = 165 1501 =20 1669 = 16 1831 =25 2044 =28 2183 =28 2375 =36 2653 =33 2967 =39 3836 + 54
Protein, g/d 293 +04 475*03 572+03 64705 734=*+05 81.0*x05 906 +07 104007 122410 1717 £19
Protein, % energy 120 +02 138+02 145+02 153+02 153+02 158+03 162=*02 167 *02 175*+02 189 =*03
Carbohydrates, % energy 572 06 525*06 51.0*+04 507 =06 49607 490+05 47605 46905 44806 430 =06
Total fat, g/d 362 *+08 545 +10 623+09 657=*15 752+x14 81115 89619 994 +17 1160 = 2.2 150.7 = 3.1
Total fat, % energy 305+05 326=*+04 334*+04 32105 331+05 334+04 338+04 336+04 351=*05 351=+05
Obese (n = 8374)
Sample size, n 992 865 944 897 840 819 810 721 699 781
Median protein intake, g/kg BW 0.64 0.74 0.80 0.85 091 0.96 1.02 1.09 117 1.33
Energy intake, kcal/d 1088 = 223 1394 =22 1604 =25 1808 =25 1980 =28 2114 =31 2326 =28 2586 + 37 2847 =47 3673 £ 59
Protein, g/d 303 +06 46606 563 +06 64706 735*+08 823 +09 931+08 104309 1193 =11 1673 +23
Protein, % energy 120+02 144 +02 151 +02 152+02 158=*+02 164=*+03 170*+03 17.0+=02 178=+03 192 +03
Carbohydrates, g/d 160.0 = 3.9 1856 = 4.0 206.0 = 36 226.6 = 4.4 2433 =47 2506 =49 2734 =51 3036 +£7.0 3201 £7.1 3849 =89
Carbohydrates, % energy 584 =06 52305 50805 497 =05 48505 470+06 46605 463 06 44305 414 =06
Total fat, g/d 365+10 520*+11 613*+14 695+13 770*+14 843 +18 91.7+15 1008 +1.9 1122 +£26 1506 + 3.1
Total fat, % energy 300+06 33605 340=*x04 34405 349+05 356=+05 352+04 350x05 356=*06 36705

" Values are least square means + SEs with the exception of sample size (n) and decile median protein intake (g/kg BW). Source: NHANES, 2001-2010. BW, body weight; D, decile.

lead to a progressive loss of muscle mass in healthy adults, as
reflected by negative nitrogen balance (37). However, numerous
studies demonstrate advantages of consuming protein in excess
of the RDA for skeletal muscle mass (1, 2, 38-42). Our findings
suggest that habitual dietary protein intake may also serve as a
nutritional determinant of adiposity (15). More specifically,
waist circumference and BMI were inversely associated with
protein intake, suggesting that central adiposity was lower for
Americans consuming higher-protein diets. The association
between waist circumference and dietary protein was present
in each BMI classification, although the effects of protein on
BMI appear to be largely restricted to overweight adults. These
findings are consistent with a recent meta-analysis demonstrat-
ing a small, but highly significant, inverse association of dietary
protein intake with fat mass in overweight and obese individuals
adhering to higher-protein, ad libitum diets after completing a
controlled weight loss intervention (43).
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It should be noted that our analyses did not show any
detrimental association between dietary protein and cardiome-
tabolic risk. Increased dietary protein intake at the expense of
carbohydrate is generally considered to reduce cardiometabolic
risk because studies have consistently reported improvements in
glycemic regulation (11, 14), blood lipids (10, 12, 15-17), and
blood pressure (12, 13) in overweight and obese adults adhering
to controlled higher-protein, lower-carbohydrate weight loss
diets. Our data suggest that the cardiometabolic advantages of
habitual higher-protein diets in free-living adults are limited to
increases in HDL cholesterol. Because we adjusted for multiple
physiological confounders, the robust association between
dietary protein and HDL cholesterol is particularly intriguing.
More specifically, HDL cholesterol concentrations for those who
consumed ~1.5 g protein/kg BW were ~15% higher than those
who consumed protein at or below the RDA, particularly in
overweight individuals. The mechanism by which protein is
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TABLE 3 Association of individual usual protein intake with BMI and waist circumference in US adults’

Decile of individual usual

protein intake, g/kg BW Decile trend Linear trend
D1 D5 D10 B P? B P?
BMI, kg/m?
Model 1
Al 334 £03 288 0.2 243 = 0.1 —0.887 <(0.0001 —9.686 <0.0001
Normal weight 228 £ 0.1 223 =01 218 = 0.1 —0.080 <(0.0001 —0.890 <0.0001
Overweight 27.6 £ 0.1 274 = 0.1 27.1 =01 —0.061 <0.0001 —0.700 <0.0001
Obese 387 £ 04 358 £ 0.3 33302 —0.499 <0.0001 —6.423 <0.0001
Model 2
All 299 03 283 0.2 288 £ 0.2 —0.193 <0.0001 —0.225 0.54
Normal weight 223 £ 0.1 223 £ 0.1 224 + 0.1 0.014 0.36 0.245 0.15
Overweight 274 + 0.1 274 + 0.1 274 =01 —0.018 0.15 —0.089 0.57
Obese 36.8 =04 356 = 0.3 356 0.3 —0.104 0.04 —0.277 0.71
Model 3
Al 314 £03 286 = 0.2 269 =02 —0.47 <(0.0001 —4.544 <0.0001
Normal weight 225 * 0.1 223 £ 0.1 222 = 0.1 —-0.012 0.41 —0.125 0.44
Overweight 275+ 0.1 274 =01 272 + 01 —0.045 0.0001 —0514 0.0002
Obese 377 £ 04 357 =03 344 +£03 —0.289 <(0.0001 —3.485 <0.0001
Waist circumference, cm
Model 1
Al 108.1 = 0.6 988 = 04 86.6 = 0.3 —2.108 <0.0001 —23.289 <0.0001
Normal weight 838 = 04 828 =04 80.1 £ 0.3 —0.352 <0.0001 —3.708 <0.0001
Overweight 976 =03 96.8 = 0.3 944 +03 —0.368 <0.0001 —4.206 <0.0001
Obese 1189 = 09 1148 = 0.6 1078 =05 —1.052 <(0.0001 —14.202 <0.0001
Model 2
Al 1004 + 0.5 976 04 96.5 = 05 —0.526 <0.0001 —2.447 0.0020
Normal weight 829 04 826 =04 813 £ 04 —0.132 0.02 —1.224 0.07
Overweight 96.8 = 04 96.7 = 0.3 953 £ 04 —0.225 0.0005 —2.335 0.00
Obese 115.0 = 0.9 11431 = 06 1126 = 0.7 —0.230 0.03 —2.448 0.10
Model 3
Al 1038 = 0.5 98.1 =04 922 £ 04 —1.195 <0.0001 —12.639 <0.0001
Normal weight 833 04 826 + 04 808 = 04 -0.217 0.0003 —2.361 0.0004
Overweight 974 03 96.9 = 0.3 945 + 04 —0.353 <0.0001 —4.320 <0.0001
Obese 117.04 = 1.0 1146 + 0.6 1100 £ 0.7 —0.639 <0.0001 —9.303 <0.0001

" Values are least square means = SEs. ANOVA was conducted with the following covariate models: model 1—adjusted for age, sex,
ethnicity, physical activity, and poverty-income ratio; model 2—adjusted for age, sex, ethnicity, physical activity, poverty-income ratio, and
individual usual energy intake (kcal/d); and model 3—adjusted for age, sex, ethnicity, physical activity, poverty-income ratio, carbohydrates
(g/kg), and total fat (g/kg). Source: NHANES, 2001-2010. Sample sizes—All: decile 1 (n = 2775), decile 5 (n = 2377), and decile 10 (n =
2255); Normal: decile 1 (n = 778), decile 5 (n = 704), and decile 10 (n = 722); Overweight: decile 1 (n = 976), decile 5 (n = 797), and decile 10
(n = 796); and Obese: decile 1 (n = 992), decile 5 (n = 840), and decile 10 (n = 781). D, decile.

2 |ndicates significant decile and linear trend with a Bonferroni-corrected P value of <0.00125 (0.05/40).

associated with upregulated HDL cholesterol production and the
extent to which BW status modulates this response requires further
study. Nevertheless, because habitually consuming a higher-
protein diet was associated with higher HDL cholesterol (and
lower adiposity) regardless of total dietary energy, carbohydrate,
and fat intake, the intrinsic properties of protein, unrelated to its
energy content, appear to be partially responsible for these effects.

This study demonstrates the health-related benefits associ-
ated with habitual consumption of dietary protein beyond the
RDA. The levels of protein routinely consumed in deciles 6
through 10 (~1.0-1.5 g/kg BW), that were associated with
lower waist circumference, BMI, and higher HDL cholesterol,
are consistent with nationally recognized recommendations (i.e.,
based on nitrogen and skeletal muscle retention) for physically
active adults (42, 44), military personnel (45, 46), older adults
(47), and for individuals attempting weight loss (9, 10, 48, 49),
all of which are higher than the current RDA. Regardless of
recommendations, Americans overwhelmingly consume protein
at or above the RDA. A previous analysis of the NHANES

(2003-2004) showed that the proportion of population report-
ing consuming protein below the RDA was minimal and that
mean protein intake for adults >18 y of age was ~1.3 g/kg ideal
BW (50). Our current study, which examined patterns of dietary
protein intake across BMI classifications in a much larger
sample and controlled for the potential confounders of energy,
fat, and carbohydrate intake, confirms the previous report that
Americans are rarely protein deficient (less than the estimated
average requirement or RDA). Many consumed protein at
levels consistent with the RDA (typically women and older
adults) and more than half reported consuming protein
exceeding 1.0 g/kg BW. We also found that protein intake did
not exceed ~19% of total energy intake regardless of the
absolute and relative amount of protein in the diet, suggesting
that the upper-end of the acceptable macronutrient distribution
range for protein (35%) is difficult to achieve, and that protein
intake was not influenced by BW status.

This population-based study provides a novel examination of
habitual dietary protein intake patterns and their associations
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TABLE 4 Association of individual usual protein intake with cardiometabolic risk in US adults’

Decile of individual usual

protein intake, g/kg BW Decile trend Linear trend
D1 D5 D10 B P? B P
Diastolic blood pressure, mm Hg
Model 1
All 71904 711 =04 69.7 = 05 —0.122 0.00 —1.854  <0.0001
Normal weight 68.7 = 0.7 68.6 + 0.5 68.7 = 0.6 0.045 0.58 0.237 0.77
Overweight 717 £ 05 71.16 = 0.3 711 €07 0.007 0.93 —0.189 0.82
Obese 725+ 06 728 =05 739 = 0.7 0.122 0.1 1.676 0.1
Model 2
All 716 =04 710 =04 70.0 = 0.6 0.022 0.74 —1.414 0.07
Normal weight 69.1 = 08 68.7 £ 05 68.2 £ 0.8 —0.002 0.99 —0.705 0.54
Overweight 724 =05 713 £ 06 702 £ 0.8 —0.092 0.39 —2.201 0.12
Obese 735 0.7 729 = 05 727 =08 —0.066 0.55 —1.483 0.38
Model 3
All 721 =04 711 £ 04 69.4 = 0.6 —0.020 0.75 —1.785 0.01
Normal weight 69.0 = 0.8 68.6 = 0.5 68.3 = 0.8 0.003 0.98 —0.550 0.60
Overweight 725 *+ 06 71.3 £ 0.6 70.0 = 0.8 —0.125 0.21 —2.584 0.04
Obese 738 =06 729 £ 05 724 £ 08 —0.091 0.41 —1.773 0.29
Systolic blood pressure, mm Hg
Model 1
All 1236 £ 05 1222 £ 05 1222 + 05 —0.204 0.00 —1.720 0.02
Normal weight 1182 £ 1.0 177 £07 1196 = 1.0 0.050 0.69 1.015 0.43
Overweight 1247 + 08 1232 £ 1.0 1248 + 0.5 —0.043 0.65 —-0.141 0.89
Obese 1252 £ 0.8 1258 = 0.8 1268 + 0.8 0.054 0.61 2130 0.14
Model 2
All 1236 £ 05 1222 £ 05 1222 + 05 —0.160 0.05 —1.406 0.14
Normal weight 1191 =11 1178 £ 0.7 1184 = 1.2 —0.168 0.32 —1.309 0.51
Overweight 1257 £ 0.9 1234 £ 1.0 1236 = 0.8 —0.259 0.06 —3.185 0.07
Obese 1259 £ 1.0 1259 + 0.8 1260 = 1.0 —0.099 0.50 1.328 0.55
Model 3
All 1232 £ 05 1222 £ 05 1226 = 05 —0.002 0.98 0.934 0.32
Normal weight 1182 = 1.1 177 £07 1195 + 1.1 0.013 0.93 1.19 0.55
Overweight 1250 = 0.9 1239 £ 1.0 1245 + 0.8 —0.115 0.36 —0.970 0.54
Obese 1252 = 1.0 1258 £ 0.8 1268 = 1.0 0.087 0.56 4.046 0.07
Glucose, mmol/L
Model 1
All 5.85 = 0.05 574 = 0.05 5.59 * 0.05 —0.453 0.0003 —5.865  <0.0001
Normal weight 535 + 0.05 530 £ 0.05 533 = 0.08 —0.027 0.84 —0.827 0.54
Overweight 5.63 = 0.07 572 = 0.08 5.86 = 0.11 0.143 0.59 2.630 0.32
Obese 6.07 = 0.10 6.08 = 0.11 592 = 0.10 0.213 0.48 0.641 0.87
Model 2
All 5.60 = 0.06 570 = 0.97 591 + 0.06 0.586 0.00 6.195 0.00
Normal weight 531 + 0.06 529 £ 0.05 539 = 0.10 0.132 0.49 0.595 0.78
Overweight 5.58 = 0.09 572 = 0.09 592 = 0.14 0.263 0.47 5.648 0.17
Obese 580 = 0.14 6.05 + 0.12 6.23 + 0.13 1.343 0.00 16.320 0.01
Model 3
All 574 = 0.05 572 = 0.05 571 = 0.05 0.298 0.06 1.986 0.26
Normal weight 5.36 = 0.06 530 £ 0.05 5.32 = 0.09 —0.044 0.79 —1.635 0.40
Overweight 5.67 = 0.09 574 = 0.09 581 + 0.13 0.006 0.99 1.279 0.73
Obese 595 + 0.13 6.07 = 0.12 6.03 = 0.12 0.897 0.01 9.345 0.08
HOMA-IR
Model 1
All 393 =011 321 + 0.1 224 £ 013 —0.173  <0.0001 —2.066  <0.0001
Normal weight 1.67 = 0.08 1.63 = 0.08 1.43 = 0.06 —0.017 0.04 —0.248 0.00
Overweight 262 +0.12 272 =03 282 £0.17 —0.014 0.56 —0.028 0.92
Obese 519 + 0.25 5.06 + 0.32 514 + 0.48 0.001 0.98 0.044 0.95
(Continued)
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TABLE 4 Continued

Decile of individual usual

protein intake, g/kg BW Decile trend Linear trend
D1 D5 D10 B P? B P
Model 2
Al 285+ 0.14 3.04 £ 0.1 36 =02 0.042 0.00 0.810 0.01
Normal weight 152 = 0.1 161 = 0.08 1.64 + 0.1 0.017 0.35 0.107 0.61
Overweight 258 = 0.17 272 =013 288 + 0.23 -0.012 0.87 0219 0.60
Obese 435+ 03 496 = 0.33 6.11 = 0.64 0.169 0.01 2916 0.01
Model 3
All 336 = 0.13 312 = 0.1 292 +0.17 —0.058 0.02 0.434 0.10
Normal weight 1.62 = 0.09 1.63 = 0.08 1.5 = 0.08 —0.003 0.92 -0.127 0.43
Overweight 271 £ 0.16 274 £ 013 272 +0.22 —0.037 0.49 —0.043 0.92
Obese 477 =027 502 = 0.32 558 = 0.55 0.085 0.01 2.233 0.01
Insulin, pmol/L
Model 1
All 101.74 = 2.64 84.17 = 2.29 58.55 + 2.85 —0.615  <0.0001 —7.244  <0.0001
Normal weight 47.43 = 1.94 4750 = 2.50 4181 = 167 —0.067 0.03 —0.899 0.00
Overweight 7042 = 2.71 73.69 = 3.26 73.06 = 3.47 —0.047 0.47 -0.139 0.87
Obese 13022 =576 12772 =764 126.75 + 8.89 —0.081 0.54 —0.829 0.65
Model 2
All 78.62 = 3.19 8042 = 222 87.78 = 465 0.195 0.01 1.725 0.06
Normal weight 4403 = 2.36 46.95 = 2.57 46.53 * 2.57 0.043 0.42 0.263 0.68
Overweight 70.14 *= 3.82 73.62 = 333 73.34 = 431 —0.029 0.72 0.420 0.73
Obese 11577 =653 12598 =778 14341 = 1181 0.383 0.05 6.307 0.06
Model 3
Al 89.94 + 3.06 823 £ 222 7271 = 375 0.123 0.09 0.676 0.40
Normal weight 46.6 = 2.15 47.36 = 2.57 43.06 = 2.22 —0.025 0.59 —0.626 0.23
Overweight 72.78 = 361 74.03 = 3.26 70.28 = 4.31 —0.068 0.42 —0.222 0.86
Obese 12327 =618 127.09 = 7.71 13411 £ 9.79 0.321 0.04 5.020 0.04
LDL cholesterol, mmol/L
Model 1
Al 3.07 = 0.04 3.02 +0.03 3.03 = 0.04 —0.164 0.36 —3.257 0.13
Normal weight 291 = 0.08 2.77 = 0.06 291 +0.09 0.332 0.28 0.850 0.79
Overweight 3.26 = 0.06 3.18 = 0.07 3.21 = 0.06 —0.050 0.87 0.060 0.99
Obese 3.03 = 0.06 313 = 0.07 3.1 £ 0.06 0.545 0.07 6.206 0.14
Model 2
All 2.96 = 0.05 3 +0.03 3.17 = 0.06 0.682 0.02 6.388 0.07
Normal weight 2.78 = 0.09 2.75 = 0.06 309 =011 1.316 0.00 11.287 0.03
Overweight 3.23 +0.07 317 = 0.07 3.24 + 0.08 0.181 0.71 4136 0.46
Obese 3.07 = 0.07 3.13 = 0.07 3.06 + 0.09 0.327 0.49 2.053 0.77
Model 3
Al 3.03 = 0.05 3.01 = 0.03 3.08 + 0.05 0.247 0.34 0.126 0.97
Normal weight 2.88 = 0.09 277 = 0.06 295 + 0.1 0.621 0.13 2.366 0.60
Overweight 3.26 = 0.07 3.18 = 0.07 321 = 0.08 0.045 0.93 1.770 0.74
Obese 3.09 + 0.07 3.13 £ 0.07 3.04 + 0.08 0.113 0.79 —0.986 0.87
HDL cholesterol, mmol/L
Model 1
All 1.23 = 0.01 1.35 = 0.01 1.5 + 0.01 0995  <0.0001 11.406  <0.0001
Normal weight 1.49 * 0.02 153 = 0.02 1.59 * 0.02 0.367 0.0009 3914 0.0003
Overweight 1.29 = 0.02 1.32 = 0.02 1.42 + 0.02 0.468  <0.0001 5.834  <0.0001
Obese 1.16 = 0.02 1.2 =002 1.25 = 0.02 0.292 0.00 4073 0.00
Model 2
Al 1.3 £0.02 1.36 = 0.01 1.41 + 0.02 0.249 0.00 4,049 0.0004
Normal weight 15+ 0.02 153 = 0.02 1.56 + 0.02 0.266 0.08 3.283 0.06
Overweight 1.3 = 0.03 1.32 = 0.02 1.41 * 0.02 0.378 0.0008 5716 0.0001
Obese 1.17 = 0.02 12 +=0.02 1.24 = 0.02 0.202 0.12 3.589 0.05
(Continued)
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TABLE 4 Continued

Decile of individual usual

protein intake, g/kg BW Decile trend Linear trend
D1 D5 D10 B P? B P
Model 3
Al 1.26 = 0.02 1.36 = 0.01 1.46 = 0.01 0.346  <0.0001 5.420  <0.0001
Normal weight 1.49 * 0.03 153 = 0.02 1.59 = 0.02 0.367 0.02 4627 0.01
Overweight 1.29 = 0.02 1.32 = 0.02 1.43 = 0.02 0.426 0.0001 6.183  <0.0001
Obese 1.16 = 0.02 1.2 £ 0.02 1.25 = 0.02 0.222 0.07 3.765 0.03
TGs, mmol/L
Model 1
Al 1.67 = 0.04 1.6 = 0.04 1.35 = 0.05 —2.283 0.0003 —32.200 <0.0001
Normal weight 1.19 = 0.04 1.24 = 0.06 1.13 = 0.05 —1.264 0.1 —11.727 0.09
Overweight 1.73 = 0.05 1.62 = 0.07 1.55 = 0.1 —0.074 0.93 —5.131 0.67
Obese 179 £ 01 1.91 =013 1.96 = 0.1 2.560 0.06 26.830 0.15
Model 2
Al 1.61 = 0.06 1.6 = 0.05 142 = 0.07 —0.285 0.79 —22.868 0.11
Normal weight 1.28 = 0.08 1.25 + 0.06 1.01 £ 012 —2.836 0.18 —33.060 0.17
Overweight 1.82 = 0.07 164 + 0.07 144 = 0.1 —0.781 0.46 —23.148 0.17
Obese 1.88 = 0.14 1.92 =013 1.86 = 0.15 1.327 0.52 —1.177 0.97
Model 3
Al 1.56 = 0.05 1.59 = 0.04 1.48 = 0.06 1.291 0.15 2.520 0.83
Normal weight 1.14 = 0.04 1.23 = 0.06 12 =011 —0.404 0.76 —0.244 0.99
Overweight 1.75 = 0.08 1.62 = 0.07 1.53 = 0.14 0.583 0.51 —0.171 0.99
Obese 1.76 = 0.14 19 =014 2000 3.418 0.10 33.820 0.29

" Data are least square means = SEs. ANOVA was conducted with the following covariate models: model 1—adjusted for age, sex,
ethnicity, physical activity, and poverty-income ratio; model 2—adjusted for age, sex, ethnicity, physical activity, poverty-income ratio, and
individual usual energy intake (kcal/d); and model 3—adjusted for age, sex, ethnicity, physical activity, poverty-income ratio, carbohydrates
(g/kg), and total fat (g/kg). Source: NHANES, 2001-2010. Sample sizes—All: decile 1 (n = 2775), decile 5 (n = 2377), and decile 10 (n =
2255); Normal: decile 1 (n = 778), decile 5 (n = 704), and decile 10 (n = 722); Overweight: decile 1 (n = 976), decile 5 (n = 797), and decile 10
(n = 796); and Obese: decile 1 (n = 992), decile 5 (n = 840), and decile 10 (n = 781). BW, body weight; D, decile.

2 Indicates significant decile and linear trend with a Bonferroni-corrected P value of <0.00125 (0.05/40).

with cardiometabolic risk. The large sample size (~24,000), and
our assessments of usual dietary protein intake and cardiometa-
bolic health according to weight classifications, are strengths of
the current report. Although our findings suggest that increasing
dietary protein intake lowers cardiometabolic risk, there are
limitations that warrant consideration when interpreting out-
comes from a cross-sectional study. Relying solely on correlative
data to evaluate cardiometabolic risk and 24-h recalls to charac-
terize dietary habits can be problematic and lead to misinterpre-
tations of the data with possible over- and underestimations of
dietary intake (51). However, the inherent variability with self-
report dietary intake data is addressed in part by using the
National Cancer Institute method to estimate long-term dietary
patterns.

As a biological measure to support the validity of the usual
dietary intake data we derived from the NHANES, we examined
the association of blood urea nitrogen (BUN) and BUN/creatinine
ratio with deciles of usual protein intake in grams/kilograms. BUN
is the final product of body protein metabolism. We found highly
significant (P < 0.0001) increases in concentrations of BUN and
BUN/creatinine ratio because usual protein intake increased across
deciles in analysis of sexes combined and separate analyses of
males and females, even after adjusting for the covariates used in
this study (data not shown). Although these variables may be
considered a crude measurement of nitrogen metabolism, they
demonstrate that usual protein intake measurements from
NHANES data are strongly associated with biochemical
measures of protein metabolism. It should be recognized that
the biological mechanisms responsible for our findings are not
fully understood and there are limitations inherent with the
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study design we used. However, we applied multiple biolog-
ically relevant covariates in our regression analyses to avoid
confounding, although there is still a possibility that our results
are due to residual effects of variables that we did not control.
In conclusion, our analyses confirm that Americans typically
consume protein at levels that exceed the RDA, and their intake
is consistent with recommendations to optimize skeletal muscle
health regardless of BW status and energy, carbohydrate, and fat
intake. Increasing dietary protein intake was associated with
reduced cardiometabolic risk, a benefit that may be more
pronounced in overweight individuals. Individuals consuming
higher-protein diets had a lower BMI and waist circumference
and higher HDL cholesterol concentrations compared with
individuals consuming protein at levels consistent with the RDA.
The cardiometabolic advantages associated with higher-protein
diets were largely independent of total energy, carbohydrate,
and fat intake. Although our study was cross-sectional, our
findings strongly suggest that consuming protein well above the
RDA (1.0-1.5 g/kg BW) is safe and may be considered a valid
nutritional strategy to improve cardiometabolic health.
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