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Abstract
We used data from NHANES 1988–1994 to examine associations between animal and plant protein usual intakes and IGF-1

concentration with mortality from all causes, cancer, and cardiovascular disease (CVD). Adult data (N = 15 937) were linked
with mortality data (N = 3843 events) through 2006. Usual intakes for protein were estimated using the multivariate Markov
Chain Monte Carlo method. Hazard ratio (HR) models were fit for mortality types (all-cause, cancer, and CVD) with protein
intake measures (per 1 g increase) and IGF-1 concentration (N = 5753). There were no associations between animal protein
(HR = 0.99; 95% confidence interval (CI): 0.98–1.01; P = 0.29) or plant protein (HR = 1.02; 95% CI: 0.95–1.10; P = 0.55) intake for
all-cause mortality. Similar results were seen for CVD mortality and animal protein (HR = 1.02; 95% CI: 0.99–1.04; P = 0.14) and
plant protein (HR = 1.01; 95% CI: 0.91–1.13; P = 0.81). There was an (inverse) association between cancer mortality and animal
protein (HR = 0.95; 95% CI: 0.91–1.00; P = 0.04) but no relationship with plant protein (HR = 1.08; 95% CI: 0.93–1.24; P = 0.30).
We found no association between concentrations of IGF-1 (N = 5753) for all-cause mortality (HR = 1.00; 95% CI: 0.99–1.00;
P = 0.81), CVD mortality (HR = 0.99; 95% CI: 0.99–1.00; P = 0.53) or cancer mortality (HR = 1.00; 95% CI: 0.99–1.00; P = 0.76).
Our results remained unchanged when the sample was separated into younger (<65 years) and older (>65, or between 50 and
65 years) cohorts. Our data do not support the thesis that source-specific protein intake is associated with greater mortality
risk; however, animal protein may be mildly protective for cancer mortality. Mortality risk was not associated with circulating
IGF-1 in any age group.
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Introduction
The recommended dietary allowance (RDA) for protein is

set at 0.8 g protein/kg/day in Canada and the US (Medicine
2005). The acceptable macronutrient distribution ranges
(AMDR) describe a range of intakes associated with good
health (Canada 2019b) and ranges from 10% to 35% of en-
ergy intake for protein. Oddly, dietary protein intakes that
fall well within the AMDR are several times higher than
the RDA (Wolfe et al. 2017). There is controversy over how
much dietary protein is required to achieve optimal health
(Wolfe et al. 2017), particularly in older people (Traylor et al.
2018). Some have reported associations between higher an-
imal protein intakes and increased risk of mortality (Chen
et al. 2020) due to cancer (Levine et al. 2014) and cardio-
vascular disease (CVD) (Chen et al. 2020). Some data sug-
gest that plant protein may confer health benefits (Song
et al. 2016; Naghshi et al. 2020; Qi and Shen 2020), other
data show associations between increased protein intake
and reduced mortality risk (Chan et al. 2019; Naghshi et al.
2020).

Using data from the Third National Health and Nutri-
tion Examination Survey 1988–1994 (NHANES III), a pre-
vious study linked higher protein intakes with a 75% in-
crease in overall mortality and an astonishing four-fold in-
creased risk of cancer in adults aged 50–65 years (Levine et
al. 2014). Interestingly, these findings were null if the pro-
tein source consumed was derived from plants (Levine et al.
2014), which would support guidelines such as Canada’s Food
Guide, which advocates for greater plant-based protein con-
sumption (Canada 2019a).

A proposed mechanism for the cancer-promoting effects
of protein is through IGF-1 (Levine et al. 2014; Rahmani et
al. 2022). Previous studies have shown that protein intake is
linearly associated with circulating IGF-1 levels (Giovannucci
et al. 2003; Levine et al. 2014; Travis et al. 2016) and that
lower protein intake may contribute to a lower risk of IGF-1-
related cancer-related and all-cause mortality (Giovannucci et
al. 2003; Levine et al. 2014; Travis et al. 2016). However, meta-
analyses have proposed a U-shaped relationship between
IGF-1 and mortality, with increased mortality in subjects with
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lower or higher IGF-1 levels (van Bunderen et al. 2010; Burgers
et al. 2011; Svensson et al. 2012).

Given the heterogeneous findings from cohort trials of the
association of protein intake and mortality and the large
(to our knowledge, the largest reported) increase in cancer
risk associated with protein intake (Levine et al. 2014), the
goal of the present study was to use data from NHANES
III to examine associations between usual intake of animal
and plant protein (which was no use din Levine et al. 2014)
with all causes, cancer, and CVD mortality risk in adults
of various age groups. We hypothesized that usual intakes
of protein from animal sources would be associated with
increased risk for mortality (Chan et al. 2019; Chen et al.
2020), but this relationship may depend on age (Levine et
al. 2014). We also hypothesized that circulating IGF-1 would
not be associated with mortality and that increased plant-
sourced protein would not be associated with mortality and
would be protective in the case of CVD- or cancer-related
mortality (Song et al. 2016; Naghshi et al. 2020; Qi and Shen
2020).

Methods
The National Center for Health Statistics conducts the

US NHANES survey, which has been thoroughly described
in peer-reviewed publications (Fulgoni 2008; Pasiakos et al.
2015; Pikosky et al. 2022). For the current analysis, data were
obtained from NHANES III, which comprised data from 1988
to 1994 and included protein intake data on all adults ≥ 19
years old. The analysis contained 15 937 (N = 7483 men and
N = 8454 women) participants following exclusions for unre-
liable (<750 kcal/day) intake data, follow-up ineligible data,
and pregnant or lactating females (refer to Fig. 1 for details).

SAS 9.4 was used for all analyses, and NHANES III sur-
vey parameters, including examination weights, strata and
primary sampling units, were utilized. Data from men and
women were linked with mortality data through 2006. Usual
intakes were estimated for calories, total protein, animal pro-
tein, plant protein, total fats, and carbohydrates, and were
modelled simultaneously using the multivariate Markov
Chain Monte Carlo (MCMC) method (https://epi.grants.cancer.
gov/hei/multivariate-mcmc-method.html) (Zhang et al. 2011).
Briefly, the MCMC method is used when the diet is measured
with error and when estimating an association of dietary
intake with a relative risk, hazard ratio (HR), or other cho-
sen health outcome. Simply using each individual’s actual
reported dietary intake without any adjustments leads to a
biased estimate of any associations (Zhang et al. 2011). The
MCMC method allows for usual intake estimates to be jointly
modelled, thus reducing measurement error. To help address
measurement error, for these analyses, we co-modelled en-
ergy, total protein, animal protein, plant protein, total fats,
and carbohydrates with the addition of age (in four groups
19–30, 31–50, 51–70, and 71+ years), day of dietary recall (1 or
2), weekday/weekend dietary, and race/ethnicity in the MCMC
models and adjusting for NHANES sample design using exam
weights.

Detailed procedures for estimating, from diet recall, di-
etary protein intakes have been detailed extensively else-

Fig. 1. Flowchart of exclusions and total sample in the anal-
yses. Values are presented with sexes combined, ≥19 years.

where (Fulgoni 2008; Pasiakos et al. 2015; Pikosky et al. 2022).
Briefly, estimates of the nutrient content of reported foods
are determined by linking food composition data provided by
the USDA Nutrient Database for Standard Reference (SR). The
ingredients of disaggregated survey food recipes (coded using
the SR food codes) were linked to the appropriate food com-
position databases using the SR-Link file of the FNDDS (ver-
sions 4.1 and 5.0 link SR releases 22 and 24, respectively). Pro-
tein gram amounts by type associated with an intake in the
NHANES individual foods file were obtained via the SR Links
and SR nutrients files. Every SR code with protein was as-
signed via the SR code description to a source: animal, dairy,
plant, or mixed protein. Mixed protein was used to denote
that the source for the SR code was from more than one of
animal, dairy, or plant protein. For each food code, the SR
weights and links were used to determine the percentage of
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Table 2. Hazard ratios for usual animal and plant protein intake and all-cause,
CVD, and cancer mortality.

HR LCL UCL P

All-cause mortality

Animal protein

Animal protein intake (g) 0.92 0.78 1.08 0.286

Plant protein

Plant protein intake (g) 1.24 0.61 2.55 0.682

CVD mortality

Animal protein

Animal protein intake (g) 1.19 0.95 1.51 0.132

Plant protein

Plant protein intake (g) 1.13 0.38 3.43 0.813

Cancer mortality

Animal protein

Animal protein intake (g) 0.60 0.37 0.94 0.029

Plant protein

Plant protein intake (g) 2.08 0.49 8.88 0.314

Note: N = 15 937; all-cause mortality N = 4280; cardiovascular disease (CVD) mortality N = 1742; and cancer
mortality N = 862; adults ≥ 19 years old. HR——hazard ratio (per 10 g increase). LCL——lower 95% confidence
limit, and UCL——upper 95% confidence limit.

Table 3. Hazard ratio and mean IGF-1 concentrations and risk
of all-cause, CVD, and cancer mortality.

HR LCL UCL P

All-cause mortality

IGF-1 (ng/mL) 0.95 0.91 1.17 0.81

CVD mortality

IGF-1 (ng/mL) 0.92 0.93 1.21 0.53

Cancer mortality

IGF-1 (ng/mL) 0.91 0.88 1.08 0.76

Note: N = 5753; all-cause mortality N = 1199; cardiovascular disease (CVD) mor-
tality N = 523; and cancer mortality N = 289; adults ≥ 19 years old. HR——hazard
ratio (per 10 g increase). LCL——lower 95% confidence limit; UCL——upper 95% con-
fidence limit.

IGF-1 concentrations and mortality risk
Table 3 shows the risk of all-cause, cancer, and CVD mor-

tality and IGF-1 concentrations. We observed no association
between blood concentration of IGF-1 and mortality risk,
whether all-cause, cancer-, or CVD-related.

Hazard ratio risk analysis by usual total protein
intake tertiles

HR analysis in all adults (Fig. 2) revealed no significant asso-
ciations between usual protein intakes by tertile and all-cause
mortality risk, CVD-related risk, or cancer mortality risk.

Impact of age on hazard ratio risk analysis
According to tertiles of protein intake, we also analyzed

all-cause, CVD-, and cancer-related deaths, and separated our
sample into 19–65 years (N = 13 296; mortality N = 2905) and
66 years and older (N = 3903; mortality N = 1375). Our results
were unaffected and showed no HR differences between the

Fig. 2. Usual tertile (69–97 g; see Table 1) of total dietary pro-
tein intake and hazard ratio (HR) for all-cause, cardiovascular
disease- (CVD), and cancer-related mortality. Values are pre-
sented as HR with lower and upper 95% confidence intervals
(CI). P values are indicated above each ratio. N = 15 937; mor-
tality N = 4280; adults ≥ 19 years.

younger and older cohorts for animal protein or plant pro-
tein for all-cause (Fig. 3), CVD-, and cancer-related mortality
(results not shown). We also analyzed our data in an age group
of 50–65 years men and women to compare our data to those
from a previous study that reported marked differences in
mortality risks for all-cause and cancer-related mortality with
protein intakes (Levine et al. 2014). We observed no signifi-
cant association between total protein intake by tertile and
all-cause mortality risk in this age group or in those >65 years
(Fig. 3).
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Fig. 3. Usual tertile (69–97 g; see Table 1) of total dietary
protein intake and hazard ratio (HR) for all-cause mortality
in >65 years old and 50–65 years old. Values are presented as
HR with lower and upper 95% confidence intervals (CI). P val-
ues are indicated above each ratio. Adults 50–65: N = 3185,
mortality N = 857; adults > 65 years; and N = 3530; mortality
N = 2526.

We also observed no significant association between risk
for CVD mortality in 50–65 years old and usual intake of ani-
mal protein (HR = 1.00; 95% CI: 0.97–1.04; P = 0.76) or plant
protein (HR = 1.17; 95% CI: 0.88–1.54; P = 0.25) in this age
group. Interestingly, there was a modest but significant pro-
tective relationship between cancer mortality and usual ani-
mal protein intake (HR = 0.87; 95% CI: 0.76–0.98; P = 0.034)
but not for usual intake of plant protein (HR = 1.05; 95% CI:
0.85–1.31; P = 0.64). We observed no association with cancer
mortality and IGF-1 concentration (HR = 1.00; 95% CI: 0.99–
1.00; P = 0.87) in those 50–65 years old.

Discussion
Our analysis revealed no significant adverse associations

between dietary protein from either plant or animal origin
and all-cause or CVD-related mortality. We also did not ob-
serve any association between total protein intake, systemic
IGF-1 concentrations, and cancer-related mortality. We ob-
served a small but significant protective effect of animal pro-
tein and cancer mortality. The current findings contradict
some previously published findings that have linked animal
protein intake to increased mortality risk (Levine et al. 2014;
Chan et al. 2019; Chen et al. 2020). We also did not find
beneficial mortality outcomes with increasing plant protein
consumption, contrasting with previous reports (Song et al.
2016; Budhathoki et al. 2019; Yamaoka et al. 2020). Nonethe-
less, our results are not at odds with other analyses that re-
ported no association between protein intake and mortal-
ity or small, statistically significant, positive associations be-
tween protein intake and mortality (Budhathoki et al. 2019;
Chan et al. 2019; Naghshi et al. 2020) or a recent study that

found positive links between higher mid-life protein con-
sumption and the odds of healthy aging (Ardisson Korat et al.
2024).

Studies of dietary protein intake on circulating GH and IGF-
1 in humans have shown that dietary protein intake is asso-
ciated with greater levels of IGF-1 (Kazemi et al. 2020). Inter-
estingly, however, conditions of GH deficiency or GH resis-
tance in humans are not associated with major increases in
longevity (Bartke and Darcy 2017). Associations between in-
creased levels of IGF-1 and modestly increased risk of prostate
(Travis et al. 2016), breast (Key et al. 2010), and colorectal
(Rinaldi et al. 2010) cancers have been reported; nonethe-
less, the observation is inverse for ovarian cancer (Li et al.
2016). Also, the association between IGF-1 and mortality has
been suggested to be parabolic (Burgers et al. 2011; Rahmani
et al. 2022), particularly for CVD mortality (Laughlin et al.
2004). Thus, it appears less than clear that lower levels of
IGF-1 should be used as a hallmark of reduced chronic disease
risk as systemic hormone levels are not prognostic for cancer
(Morris et al. 2006), and the relationship to other age-related
disease risks is nonlinear (Laughlin et al. 2004; Burgers et al.
2011; Westwood et al. 2014; Rahmani et al. 2022). These re-
ports (Laughlin et al. 2004; Burgers et al. 2011; Westwood et
al. 2014; Rahmani et al. 2022) yield a heterogeneous set of
health recommendations related to IGF-1. For example, only
ischemic heart disease and not all-cause mortality was asso-
ciated with lower levels of IGF-1 (Laughlin et al. 2004). Al-
ternatively, others have determined an association between
IGF-1 and all-cause mortality but no association between IGF-
1 and cancer- or CVD-related mortality (Burgers et al. 2011).
Another study cited no association between higher IGF-1 and
mortality (Rahmani et al. 2022). Our analysis showed no as-
sociation between IGF-1 and disease-specific or all-cause mor-
tality. We also observed no difference in HR and IGF-1 levels
fitting alternative (nonlinear) curve-fitting models. Notably,
the parabolic (or spline-derived) associations between IGF-1
and mortality did not actually test whether dietary protein
and IGF-1 were related (Laughlin et al. 2004; Burgers et al.
2011; Westwood et al. 2014).

Associations with dietary nutrients and IGF-1 have also
been observed with intakes of, among other nutrients: pro-
tein, carbohydrate, dietary fibre, retinol, beta-carotene, and
wholegrain starch (Watling et al. 2021; Rahmani et al. 2022).
Nonetheless, an “optimal” IGF-1 level has been proposed as
between 120 and 160 ng/mL (Rahmani et al. 2022), which is
an interesting concept. However, if the previously mentioned
nutrients are associated with greater IGF-1 (and thus if the
model is correct, risk), then the foods one would need to limit
are difficult to determine. Nonetheless, an attempt to ascer-
tain this was put forward by Rahmani et al. (2022), stating,
“High consumption of dairy products including milk, cheese
and yogurt, and margarine was associated with increased IGF-
1 levels… while high consumption of butter, eggs, and egg
products was associated with decreased levels of IGF-1”. From
the same analysis (Rahmani et al. 2022), there was no as-
sociation between meat, processed meat, poultry, fish and
shellfish, and vegetables with IGF-1. Our data are at odds
with those reported by Rahmani et al. (2022), who also used
NHANES III but only reported data on 2605 participants from
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