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Abstract
Background Protein-energy malnutrition (PEM) is one of the common nutri-
tional deficiency diseases. With changes in lifestyle and dietary habits, there
has been increasing attention to nutritional health issues, and this disease can
have varying degrees of impact on the health of different age groups. In recent
years, the incidence trend, the incidence status across different ages, and re-
lated predictions require analysis and investigation. Objective To analyze the
incidence and changing trends of PEM in China from 1990 to 2019, understand
the incidence status of PEM across different ages, and predict future trends un-
til 2029, providing evidence for PEM prevention. Methods Based on data from
the Global Burden of Disease 2019 (GBD 2019) study, log-linear models were
fitted to the age-specific incidence rates and age-standardized incidence rates
of PEM from 1990 to 2019 using Joinpoint software to analyze their changing
trends. Annual percentage change (APC) and average annual percentage change
(AAPC) with 95% confidence intervals (CI) were used to describe the trends of
each indicator. The ARIMA model was used to predict the incidence trend
of PEM in China from 2020 to 2029. Results In 2019, the age-standardized
incidence rate of PEM in the entire Chinese population was 1996.5/100,000,
higher in males than in females. The incidence rate of PEM was highest in the
under-5 age group (4402.5/100,000), followed by the 80-84 age group. After
age 5, the incidence rate increased with age in both males and females. The
results of China’s PEM age-standardized incidence rate demonstrated: the age-
standardized incidence rate of PEM in China showed a decreasing trend during
1990-1995 and 2010-2014. The results of China’s PEM age-specific incidence
rate demonstrated: from 1990 to 2019, the under-5 age group decreased at an
average annual rate of change of 2.1%, while the average annual change in other
age groups demonstrated an overall stable increasing trend. The prediction re-
sults from the ARIMA model demonstrated that by 2029, the incidence rate of
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PEM in China will reach 7280.06/100,000. Conclusion Since 1990, the incidence
rate of PEM in China has demonstrated a steadily increasing trend. Moreover,
the incidence rate in mainland China will continue to rise until 2029. This study
will provide references for policy formulation and evidence for PEM prevention.
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Abstract

Background: Protein-energy malnutrition (PEM) is one of the common nu-
tritional deficiencies. With changes in lifestyle and dietary habits, people are
increasingly concerned about nutritional health issues, and this disease can affect
the health of different age groups to varying degrees. Recent trends in morbid-
ity, age-specific morbidity status, and related predictions require analysis and
study.

Objective: By analyzing the incidence and changing trends of PEM in China
from 1990 to 2019, we aimed to understand the age-specific incidence of PEM
and predict future trends until 2029, providing a basis for PEM prevention.

Methods: Based on data from the Global Burden of Disease 2019 (GBD 2019)
study, we used Joinpoint software to fit log-linear models to PEM incidence
rates by age group and age-standardized incidence rates from 1990 to 2019,
analyzing their changing trends. Annual percentage change (APC) and average
annual percentage change (AAPC) with 95% confidence intervals (CI) were used
to describe trends for each indicator. The ARIMA model was used to predict
PEM incidence trends in China from 2020 to 2029.

Results: In 2019, the age-standardized incidence rate of PEM in China’s total
population was 1996.5/100,000, higher in males than females. The incidence
was highest in children under 5 years (4402.5/100,000), followed by the 80-
84 age group. After age 5, incidence increased with age in both sexes. The
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age-standardized incidence showed declining trends during 1990-1995 and 2010-
2014. Age-specific incidence rates showed that the under-5 group declined at
an average annual rate of 2.1% from 1990-2019, while other age groups showed
overall stable upward trends. ARIMA model predictions indicated that China’
s PEM incidence rate will reach 7280.06/100,000 by 2029.

Conclusion: Since 1990, PEM incidence in China has shown a steady upward
trend and will continue to rise through 2029. This study provides a reference
for policy development and a basis for PEM prevention.

Keywords: Protein-energy malnutrition; Morbidity; Trends; Joinpoint regres-
sion model; ARIMA model

Introduction
The World Health Organization defines malnutrition as “the cellular imbal-
ance between the supply of nutrients and energy and the body’s demand for
them to maintain growth, and specific functions.”Malnutrition adversely affects
developing countries and represents a global risk factor for disease and mor-
tality. Protein-energy malnutrition (PEM) is one of the common nutritional
deficiencies, typically affecting infants aged 1-5 years. Due to poor brain and
neurological development, these effects can persist into adulthood. Chronic in-
sufficient energy and nutrient supply further increases infection risk and can
lead to death. PEM patients face higher risks of hypoglycemia, hypothermia,
severe infection, and electrolyte disturbances. PEM can also cause prematurity,
infectious diseases, and parasitic diseases. Anthropometric indicators such as
height, weight, skinfold thickness, and arm circumference are considered impor-
tant markers for PEM. This study utilizes Global Burden of Disease 2019 (GBD)
data to analyze the current status of PEM in China in 2019, estimate incidence
trends from 1990-2019, and predict future trends through 2029. This research
will provide references for policy formulation and a basis for PEM prevention.

1. Materials and Methods
1.1 Data Sources

Data for this study were obtained from the Global Burden of Disease 2019
(GBD 2019) study, which provides data from 1990 to 2019 for 204 countries
and territories on years lived with disability (YLD), years of life lost (YLL),
and disability-adjusted life years (DALY) for 369 diseases and injuries, and 87
risk factors and combinations thereof. All rates are age-standardized using the
world standard population. From this database, we extracted PEM incidence
and mortality indicators for different age groups in China from 1990 to 2019.

1.2 Disease Definition and Coding

Protein-energy malnutrition (PEM) includes moderate and severe acute malnu-
trition, commonly referred to as “wasting,”and is defined by weight-for-height
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Z-score (WHZ) based on the WHO 2006 Child Growth Standards. The burden
of non-fatal PEM is quantified into four mutually exclusive and collectively ex-
haustive categories reflecting different severity levels: moderate wasting without
edema (WHZ <-2SD to -3SD), moderate wasting with edema (WHZ <-2SD
to -3SD), severe wasting without edema (WHZ <-3SD), and severe wasting
with edema (WHZ <-3SD). The sum of categories including edema is generally
termed kwashiorkor, while severe wasting is equivalent to marasmus. ICD-10
codes for PEM are E40-E46.9, E64.0, and ICD-9 codes are 260-263.9. Incidence
data were divided into 18 age groups (<5 years, 5-9 years, and so on up to 80-84
years and 85+ years).

1.3.1 Joinpoint Regression Model

Using Joinpoint Regression Program 4.9.0.0 software, we conducted trend anal-
ysis on PEM incidence rates by age group and age-standardized incidence rates
from 1990 to 2019 based on GBD 2019 data. Trends were described using Annual
Percentage Change (APC) and Average Annual Percentage Change (AAPC)
with 95% confidence intervals (CI). APC > 0 indicates increasing incidence,
APC < 0 indicates decreasing incidence. If APC = AAPC, the trend curve
has no joinpoints, indicating a monotonic trend. With data spanning 30 years,
the maximum number of joinpoints was set at 5. To fit the log-linear model,
the permutation test 𝛼 value was set at 0.05 with 4,499 permutations. APC
and AAPC with 95% CI were calculated for each segment. P < 0.05 indicated
statistically significant differences.

1.3.2 ARIMA Model

The Autoregressive Integrated Moving Average (ARIMA) model is a time se-
ries forecasting method widely used for its good accuracy and effectiveness. It
predicts future trends by fitting data characteristics. The three parameters of
ARIMA(p,d,q) are: p for autoregressive (AR) order, q for moving average (MA)
order, and d for the number of differencing operations required to make the data
stationary. ARIMA modeling mainly involves stationarity testing, parameter
determination, model validation, and forecasting.

1.4 Statistical Analysis

GraphPad Prism 8.0.2 was used to describe the incidence status of PEM in
2019. Joinpoint Regression Program 4.9.0 was used for trend analysis of PEM
incidence rates by age group and age-standardized incidence rates from 1990-
2019. SPSS 14.0 was used to predict PEM incidence rates in China from 2020-
2029.

2. Results
In 2019, the age-standardized incidence rate of PEM in China’s total pop-
ulation was 1996.5/100,000, higher in males (2444.7/100,000) than females
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(1536.0/100,000). This rate was lower than the global average (2099.4/100,000),
though male PEM incidence exceeded the global rate (2304.0/100,000). The
highest incidence occurred in children under 5 years (4402.5/100,000), followed
by the 80-84 age group (2417.7/100,000). After age 5, incidence increased with
age in both sexes, with rates remaining higher in males than females. [Figure
1: see original paper]

2.1 Joinpoint Regression Analysis of Age-Standardized PEM Inci-
dence Trends in China (1990-2019)

The age-standardized incidence rate showed six inflection points in 1995, 2006,
2010, 2014, 2017, and 2019. The rate declined during 1990-1995 and 2010-2014,
with APC values of -1.3% and -2.3%, respectively. Between 1995-2010 and 2006-
2010, the rate showed upward trends with APC values of 0.9% and 2.5%. The
most significant increase occurred during 2017-2019, with an APC of 8.9%. The
APC for 2014-2017 showed no statistical significance, indicating no significant
change during this period. The AAPC was 0.7%, indicating that China’s age-
standardized PEM incidence rate increased at an average annual rate of 0.7%
from 1990-2019. [Figure 2: see original paper]

2.2 Joinpoint Regression Analysis of Age-Specific PEM Incidence
Rates in China (1990-2019)

Age-specific incidence rates showed that the under-5 group declined at an aver-
age annual rate of 2.1% from 1990-2019, while other age groups showed overall
stable upward trends. All age groups had their highest APC values during
2017-2019, all positive and indicating yearly increases. Among ages 5-29, five
age groups showed declining incidence during 2010-2014, with APC values of
-6.0%, -5.2%, -3.5%, -2.6%, and -2.4%. For ages 30-34, 35-39, and 40-44, inci-
dence also declined during 2010-2017, 2010-2014, and 2010-2016, respectively,
with APC values of -1.1%, -1.5%, and -0.7% (all statistically significant). For
five age groups between 45-69, incidence declined during 2010-2014 but with-
out statistical significance. For three age groups between 70-84, PEM incidence
showed upward trends in all time intervals from 1990-2019.

2.3 Prediction of PEM Incidence in China (2020-2029)

Using data from 1990-2019, we established an ARIMA(1,2,0) model to pre-
dict age-standardized PEM incidence for 2020-2029. Model residuals passed
white noise testing (Ljung-Box Q test, P = 0.830 > 0.05), confirming model
appropriateness. The R2 value was 0.974, indicating good model fit. Predic-
tions show PEM incidence will continue rising over the next decade, reaching
7280.06/100,000 by 2029.
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3. Discussion
China’s economic development has accelerated urbanization, and changes in
lifestyle and dietary habits have increased public concern about nutritional
health. Research shows PEM incidence is higher in developing than developed
countries and is more prevalent among low-income and less-educated popula-
tions. Assessing PEM trend changes in China is important for guiding pre-
vention and treatment policy development. This study analyzed the current
incidence status of PEM in China in 2019 and trends from 1990-2019.

We found that children under 5 had the highest PEM incidence in 2019. Dur-
ing childhood growth and development, PEM’s effects may be long-term and
irreversible. Particularly during critical periods of brain development, malnutri-
tion affects brain structure and function, causing growth retardation, delayed
myelination, and other damage. Long-term changes in brain function are also
associated with malnutrition-related cognitive impairment. From a trend per-
spective, the under-5 group showed gradual decline from 1990-2019, indicating
that China’s efforts for child nutrition have been effective over the past 30 years.
Continued strengthening of nutrition education and timely complementary feed-
ing for infants is necessary to provide essential material foundations for child
growth and development.

PEM is mostly secondary, caused by insufficient nutrient intake/increased loss
or decreased protein synthesis/increased catabolism. In China’s poorer rural
areas, children with nutritional problems due to insufficient intake or elderly
with excessive consumption due to underlying diseases may be the main af-
fected groups. Our study showed that the second-highest incidence group in
2019 was ages 80-84, and after age 5, incidence increased with age in both sexes.
Research indicates malnutrition risk increases with age, primarily due to insuf-
ficient nutritional intake, a problem common among elderly living alone. Food
intake often decreases with aging due to disease and appetite changes, further
contributing to malnutrition. PEM manifests as muscle loss and weight reduc-
tion. Muscle mass accounts for 40% of body weight, and protein is essential
for muscle. After age 50, muscle mass decreases by about 1-2% annually, par-
ticularly in men, seriously affecting mobility and quality of life. We found that
ages 70-84 showed upward PEM incidence trends across all time intervals from
1990-2019, indicating that elderly nutrition remains a major challenge. Some
PEM occurs in hospitalized patients; since most hospitalized elderly have one
or more diseases, chronic conditions increase PEM risk, and the two factors
mutually reinforce each other. PEM can also occur in critically ill patients with
significant inflammatory responses, such as sepsis. PEM not only increases sep-
sis likelihood but also shows less mortality improvement in sepsis patients over
the years, making early and regular nutritional screening crucial for hospital-
ized sepsis patients. Additionally, causal relationships exist between poor nu-
tritional status and post-stroke functional performance, with PEM potentially
affecting post-stroke recovery through multiple mechanisms and systems. High
incidence and mortality of diseases such as chronic kidney disease (CKD) and
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heart failure (HF) are also associated with PEM. Therefore, personalized care
and timely nutritional services for hospitalized patients are essential to facilitate
comprehensive recovery. Among the elderly, nutritional knowledge deficits ex-
ist regarding protein requirements and the relationship between diet and health,
making dietary pattern improvement necessary. Finally, our predictions show
PEM incidence will continue rising over the next decade. With China’s aging
population, the number of elderly with PEM may increase, potentially driving
overall PEM incidence upward.

PEM occurrence and severity are related to socioeconomic development. Anal-
ysis of PEM incidence trends reflects the economic burden on the healthcare
system. Our results highlight the importance of nutrition policy development
and provide a basis for PEM prevention.
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