
987
Received June 13, 2019
Accepted for publication June 25, 2019

Introduction

Protein has long been regarded as one of the key nutrients 
for healthy ageing. Although it is still uncertain what the 
optimal protein requirement is for older adults, low protein 
intake has been linked with greater decline of lean mass and 
higher risk of sarcopenia in older adults (1-3). Other studies 
also suggest differential effects of animal protein and plant 
protein on skeletal muscle health (4, 5). 

However, the role of the quantity and the source of protein 
intake in the development of cancer, cardiovascular disease 
(CVD) as well as mortality has been less investigated, in 
particular among older population. Observational studies in 
general show a positive association of the intake of animal 
protein or animal products with cancer, CVD or all-cause 
mortality in the general adult population (6-9). Meanwhile, 
other studies reported metabolic benefits of plant protein and 
decreased risk of all-cause, cancer and CVD mortality with 
higher plant protein consumption in general adult population 
and postmenopausal women (10, 11). These observations echo 
some recent reviews regarding the promotion of a plant based 

diet for the prevention and treatment of non-communicable 
diseases as well as the reduction of morality (12, 13). However, 
most of the previous studies were conducted among Caucasian 
general adult population and few included older age group. 
There is also evidence suggesting that the association of protein 
intake with risk of mortality was age-dependent. While lower 
protein intake was associated with lower risk of mortality in 
the younger age group, higher mortality risk was reported 
among older adults aged 65 and above with low protein intake 
regardless of the protein sources (6, 14).  

In view of the differences in lifestyle and dietary habits 
between Caucasian populations and Chinese and the scarcity 
of evidence on this topic among old age group, we aimed to 
examine the association of dietary protein intake in terms of 
both quantity and source with risk of all-cause, cancer and CVD 
mortality in Chinese community-dwelling older adults aged 65 
and over in Hong Kong. 
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deaths were identified. Among men in the highest quintile of total protein intake, all-cause mortality and cancer 
mortality decreased by 29% [95% confidence interval (CI): 0.55-0.92, p-trend=0.017] and 38% [95% CI: 0.39-
0.97, p-trend=0.041] respectively compared with men in the lowest quintile after adjustment for demographics, 
lifestyle factors and medical conditions. Men in the highest quintile of animal protein intake showed 20% 
reduced risk of all-cause mortality than men in the lowest quintile (p-trend=0.042). Women in the highest quintile 
of plant protein intake showed 39% decreased risk of all-cause mortality [95% CI: 0.44-0.85, p-trend=0.019] 
than those in the lowest quintile. In women, protein intake was not associated with cancer mortality. In both men 
and women, protein intake was not associated with CVD morality. Further adjustment for other dietary variables 
attenuated the significant associations. Conclusions: Contrary to findings from Caucasian populations of all ages, 
among Chinese older adults, higher total protein intake was associated with lower all-cause and cancer mortality 
in Chinese older men. While higher animal protein intake was associated with reduced all-cause mortality in 
Chinese older men, higher plant protein intake was protective against all-cause mortality in Chinese women. The 
attenuated associations between protein intake and mortality risk after adjustment for other dietary variables also 
highlight the role of whole diet approach in mortality risk reduction among older adults.
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Methods

Participants
Subjects were participants of a prospective cohort study 

examining the risk factors for osteoporosis in Hong Kong (15). 
Four thousand older adults (2,000 men and 2,000 women) 
aged 65 years and over living in the community were recruited 
between 2001 and 2003 by placing recruitment notices in 
community centres for the older people and housing estates, 
using a stratified sample so that approximately 33% would be in 
each of these age groups: 65-69, 70-74, 75+. Participants were 
volunteers and were able to walk or take public transport to the 
study site. Compared with the general population of similar age 
group, participants had higher educational level (9.8% vs. 3.8% 
with tertiary education), higher proportion of being married 
(70.7% vs. 59.9%), slightly lower proportion of living alone 
(10.8% vs. 11.3%) but similar duration of residence in Hong 
Kong (98.3% vs. 97.1% with duration at or over 15 years) (16). 
Written informed consent was obtained from all participants. 
Among 4,000 subjects, 980 subjects were excluded due to either 
extremely high (5,000 kcal/day), low (500 kcal/day) energy 
intake or incomplete dietary data (n=6), or prior diagnosis of 
chronic diseases including cancer, or stroke or heart diseases 
(n=972), or both (n=2). The final sample included in the 
analysis was 1,480 men and 1,540 women.

Demographics, general health, and anthropometric 
measurements

A standardized, structured interview was performed to 
collect information on age, gender, education level, marital 
status, smoking habit, alcohol use and medical history. Body 
weight was measured to the nearest 0.1 kg with participants 
wearing a light gown, using the Physician Balance Beam 
Scale (Healthometer, Illinois, USA). Height was measured to 
the nearest 0.1 cm using the Holtain Harpenden stadiometer 
(Holtain Ltd, Crosswell, UK). Body mass index (BMI) was 
calculated as body weight in kg / (height in m)2. 

Physical activity assessment
Physical activity level was assessed using the Physical 

Activity Scale of the Elderly (PASE) (17). This is a 12-item 
scale measuring the average number of hours per day spent in 
leisure, household and occupational physical activities over the 
previous 7 days.

Dietary assessment
Dietary intake was assessed at baseline using a validated 

food frequency questionnaire (FFQ) developed in a population 
survey with participants aged between 25 and 74 years, the 
validity of which has been described elsewhere (18). Mean 
nutrient quantitation per day was calculated using food 
composition tables derived from McCance and Widdowson 
(19) and the Chinese Medical Sciences Institute (20). The 
FFQ consisted of 280 food items. Each participant was asked 

to complete the questionnaire – the food item, the size of each 
portion, the number of times of consumption each day and 
each week, using the past 12 months prior to the interview as 
a reference period. Portion size was explained to participants 
using a catalogue of pictures of individual food portions. For 
seasonally consumed vegetables and fruits, participants were 
further asked about the months of food consumption over the 
past year. The amount of cooking oil was estimated according 
to the usual cooking methods of preparing standardized portion 
of different foods and the usual portion of different foods 
consumed by the participants. In addition to calculations of 
total protein intake, the amount of animal protein intake and 
plant protein intake was also determined. Protein intake was 
expressed as percentage of daily energy consumption for data 
analysis. Daily intake of total grains, vegetables and fruit 
was also calculated. Residual method was applied to generate 
energy-adjusted fiber intake for regression analysis (21).  

Mortality ascertainment and follow up period
Mortality data were ascertained from the Hong Kong 

Government Death Registry. Causes of death were coded 
according to the 10th revision of the International Classification 
of Diseases (ICD-10). Data on all-cause mortality, cancer 
mortality (ICD-10 codes: C00-C97), and CVD mortality (ICD-
10 codes: I00-I99) were generated. The follow up period was 
defined as the time from the baseline examination to the date 
of death or the date to the latest database update (i.e. 31 March 
2017), whichever came first.

Statistical analysis
Statistical analyses were performed separately for men and 

women using the Statistical Package of the Social Sciences 
(SPSS) version 24 (IBM SPSS Statistics for Windows, Version 
24.0. Armonk, NY: IBM Corp.). Each of the total, animal and 
plant protein intake expressed as percentage of total energy 
intake were stratified into quintiles based on the distribution 
of each sex. The differences in baseline characteristics across 
quintiles of each of the total, animal and plant protein intake 
were examined using chi square test for categorical variables 
and by one way ANOVA test or non-parametric Krusall-Wallis 
test for continuous variables, where appropriate.

The Cox proportional hazards model was used to estimate 
hazard ratios (HRs) and 95% confidence intervals (CIs) for 
all-cause, cancer or CVD mortality during the follow-up period 
according to quintiles of each of the total, animal or plant 
protein intake. Model 1 was age adjusted. Model 2 was further 
adjusted for baseline BMI (kg/m2), smoking status (never, 
former, current), alcohol use (never, former, current), PASE, 
education level (primary or below, secondary or matriculation, 
tertiary or above), marital status (married, single/divorced/
windowed), daily energy intake (kcal), and self-reported history 
of hypertension (yes, no) and diabetes (yes, no). To address 
whether the observed associations were independent of other 
dietary variables, Model 3 was additionally adjusted for daily 
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energy adjusted fiber intake (g/d), and sex-specific quintiles 
of daily total grains intake (g/d), daily fruit intake (g/d), and 
daily vegetable intake (g/d). Test for trend was examined by 
entering quintiles of each of the total, animal or plant protein 
intake as a continuous variable in all models. Since intake of 
total fat, saturated fat, polyunsaturated fat and monounsaturated 
fat showed high degree of collinearity with intake of total, 
animal and plant protein, they were not included in the 
multivariate models. An α level of 5%, 2 sided was considered 
as statistically significant. 

Results

Participants’ characteristics
There were significant differences in baseline characteristics 

between participants who were included (n=3,020) and those 
who were excluded (n=980) for analysis. Participants excluded 
for analysis were older, less physically active, had higher BMI 
and higher proportion of self-reported history of hypertension 
and diabetes, and more likely to be male, former smokers as 
well as former alcohol users (p<0.05) than participants included 
for analysis (data not shown). During a median of 13.8 years 
of follow-up, 963 all-cause deaths (594 men, 369 women), 336 
cancer deaths (216 men, 120 women), and 205 CVD deaths 
(117 men, 88 women) were identified.

Mean daily protein intake was 87.1 g for men and 65.3 g 
for women, and the corresponding protein intake per kilogram 
body weight was 1.4 for men and 1.2 for women. Animal 
protein contributed to 55.5% for men and 51% for women of 
the total protein intake. Baseline characteristics of men and 
women in the final sample across quintiles of percentage of 
energy from total protein intake, animal protein intake and 
plant protein intake are shown in Tables 1 and 2. Men in the 
highest quintile of total protein intake were younger, had 
higher BMI, higher education level, higher proportion of being 
married, and higher proportion of history of diabetes than 
those in the lowest quintile. They also showed different dietary 
intake profiles than those in in the lowest quintile. Men in the 
highest quintile of animal protein intake had higher BMI, higher 
proportion of current smoker, and higher proportion of history 
of hypertension than those in the lowest quintile. Their dietary 
intake of energy, fruit, and grains also differed from those in in 
the lowest quintile. Men in the highest quintile of plant protein 
intake were more physically active, had higher education 
attainment, and had higher proportion of being married and 
having history of diabetes than those in the lowest quintile. 
They also showed higher intake of daily energy, fiber, total 
grains, vegetables and fruit than those in in the lowest quintile 
(Table 1).

Women in the highest quintile of total protein intake were 
younger, had higher education level and higher proportion of 
having history of diabetes than those in the lowest quintile. 
They also showed different dietary intakes than those in in the 
lowest quintile of total protein intake. Women in the highest 

quintile of animal protein intake were younger, had higher 
education attainment and higher proportion of being married 
than those in the lowest quintile. They also showed higher 
intake of daily energy and fruit, but lower grains consumption 
than those in in the lowest quintile. Women in the highest 
quintile of plant protein intake were more educated and had 
lower proportion of being married than those in the lowest 
quintile. Their dietary intakes differed from those in in the 
lowest quintile of plant protein intake (Table 2).

Protein intake and mortality
Compared with men in the lowest quintile, men in the 

highest quintile of total protein intake showed a significantly 
reduced risk of all-cause mortality in the age adjusted model 
and the model adjusted for BMI, smoking status, alcohol use, 
physical activity, daily energy intake, and other demographic 
and medical conditions. However, the significant results were 
attenuated when other dietary variables were further adjusted. 
Similar results were observed for animal protein intake. In 
contrast, while plant protein intake showed a significantly 
inverse trend with all-cause mortality in men in the age adjusted 
model, the trend was no longer significant in all the multivariate 
adjusted models (Table 3).

In women, those in the highest quintile of total protein 
intake tended to show a significantly reduced risk of all-cause 
mortality than those in the lowest quintile. While no significant 
trend between animal protein intake and all-cause mortality 
was noted in women, women with the highest quintile of plant 
protein intake showed a lower risk of all-cause mortality than 
those in the lowest quintile in the age adjusted model and the 
model adjusted for BMI, smoking status, alcohol use, physical 
activity, daily energy intake, and other demographic and 
medical conditions. However, the significant association was 
attenuated when other dietary variables were further adjusted 
(Table 3).

Compared with men in the lowest quintile, men in the 
highest quintile of total protein intake showed a significantly 
reduced risk of cancer mortality in the age adjusted model 
and the model adjusted for BMI, smoking status, alcohol use, 
physical activity, daily energy intake, and other demographic 
and medical conditions. However, the significant association 
was attenuated when other dietary variables were further 
adjusted. No significant association of cancer morality with 
animal protein intake or plant protein intake was observed 
in men (Table 4). In women, total protein intake or types of 
protein intake were not associated with cancer mortality (Table 
4). In both men and women, no significant association of CVD 
morality with total protein intake, animal protein intake or plant 
protein intake was detected (Table 5).

Discussion

Our study is one of the few studies evaluating the association 
of protein intake and mortality risk in older adults. Our study 



THE JOURNAL OF NUTRITION, HEALTH & AGING©

J Nutr Health Aging
Volume 23, Number 10, 2019

995

showed that higher total protein intake was associated with 
lower risk of all-cause mortality in both men and women. 
Higher animal protein intake was associated with reduced risk 
of all-cause mortality in men whereas higher plant protein 
intake was linked with decreased risk of all-cause mortality in 
women. Such associations were attenuated when other dietary 
variables were further adjusted. There was also no significant 
association of CVD morality with total protein intake, animal 
protein intake or plant protein intake in both men and women. 

The gender difference in the results may be explained by 
several reasons. Men in general showed less healthy dietary 
patterns and lifestyle than women, thus data from men may 
be more heterogeneous compared with women, in which 
significant associations between protein intake and mortality 
was more easily detected in this study. Another reason may be 
explained by fewer deaths among women compared with men.

Few studies have examined the separate association of 
animal protein intake and plant protein intake with mortality 
risk, and the results were inconclusive. In the Iowa Women’s 
Health Study, while plant protein intake was inversely 
associated with CVD mortality but not associated with cancer 
or total mortality in the postmenopausal women, no significant 
association of total protein intake or animal protein intake with 
CVD, cancer or total mortality was observed (10). In contrast, 
results from two prospective US cohort studies suggested 
that increasing animal protein intake was associated with 
higher CVD mortality risk and higher plant protein intake was 
associated with lower all-cause and CVD mortality in men aged 
40 to 75 years and women aged 30 to 55 years (22). The results 
were partly consistent with those from a recent study among 
2,641 Finnish men aged 42 to 60 years. During the average 
follow-up of 22.3 years, higher total protein intake and animal 
protein intake was associated with higher risk of total mortality. 
Although no significant association between plant protein 
intake and total mortality risk was found, a higher animal-to-
plant protein ratio was linked with lower mortality risk (9).

Differences in the covariates being adjusted in the 
multivariate models, the protein intake level, as well as the age 
of the studied population may partly explain the differential 
findings. The protein intake of our studied population was 
comparable or even high, compared with other published 
studies among Caucasian population. The mean relative total 
protein intake of our participants was 1.4 and 1.2 g/kg body 
weight respectively for men and women whereas that of the 
aforementioned Finland study was 1.2 g/kg body weight (9). 
Moreover, although the mean percentage of energy from 
protein intake was similar between our study and other studies 
(i.e. ~16%) (6, 9, 10), animal protein and plant protein each 
contributed to about 50% of the total protein intake in our 
study. In contrast, most previous studies showed that animal 
protein and plant protein contributed to about 70% and 30% of 
the total protein intake respectively (6, 9). The relatively higher 
proportion of total protein intake from plant sources in our 
participants possibly reflect the cultural difference in dietary 

practice, for example, Chinese population generally has higher 
intake of soy foods and soy proteins than Caucasian populations 
(23). In our participants with replete protein intake, a lower 
ratio of animal protein intake to plant protein intake may be 
beneficial for health (24, 25). 

The age-dependent association between protein intake and 
mortality may also help explain the inverse association of 
protein intake and mortality in our study. In some previous 
studies, higher protein intake was linked with higher mortality 
in participants aged at or below 65 years but lower mortality 
in those aged over 65 (6, 26). High protein intake was found 
to increase the activity of pro-anabolic signalling pathways 
that drive the ageing process and promote cancer development 
in rodent studies and among middle-aged humans (27, 28). 
However, with ageing there is protein anabolic resistance 
(29), therefore increased amino acid intake, such as leucine 
intake and cysteine intake resulted from increased dietary 
protein intake may provide beneficial anabolic effects in older 
adults and higher protein may not be harmful but necessary. 
For example, leucine helps promote anabolism by stimulating 
mTORC1 activity in older adults and cysteine could counteract 
the age-related decline in glutathione synthesis, which helps 
to combat the increased oxidative status during ageing (14). In 
contrast to the recent advocacy by the EAT-Lancet commission 
regarding the promotion of a universal healthy reference diet 
characterized by plenty consumption of plant-based foods and 
limited intake of animal foods that is beneficial for human 
health in the general adult population (30), our findings imply 
that one cannot simply apply such recommendations to older 
people. This ‘paradoxical’ finding is similar to the observations 
that while higher BMI is associated with increased risk of 
mortality in young adults in general, higher BMI is protective 
for older people (31, 32).

There are strengths and limitations in this study. 
The strengths included reliable mortality data based on an 
official database, inclusion of several non-dietary variables 
and adjustment for their confounding effect in the analyses. 
However, dietary assessment by FFQ is subject to recall bias, 
thus the measurement error may attenuate associations between 
diet and outcome measures. Furthermore, our sample as a whole 
showed different demographic characteristics compared with 
the general older population in Hong Kong. Since participants 
were volunteers and were able to walk or take public transport 
to the study site, our sample may also be more health conscious 
and have good baseline health status. Besides, there were 
differences in demographic and lifestyle characteristics between 
those included and those excluded for the analysis. Therefore, 
the results may not be generalized to the general population.

In conclusion, higher total protein intake was associated 
with lower all-cause and cancer mortality in Chinese older 
men. While higher animal protein intake was associated with 
reduced all-cause mortality in Chinese older men, higher plant 
protein intake was protective against all-cause mortality in 
Chinese women. These ‘paradoxical’ findings suggest that 
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while lowering protein intake, in particular animal protein 
intake is beneficial for reducing mortality and other adverse 
health outcomes in the general adult population, such dietary 
recommendations cannot be simply applied to the older 
population with different physiological and protein anabolism 
status. Dietary recommendations for older people should 
take into account such age-related physiological changes and 
culture-specific dietary habits. The attenuated associations 
between protein intake and mortality risk after adjustment for 
other dietary variables also highlight the role of whole diet 
approach in mortality risk reduction among older adults.
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