
Introduction
Nutritional deficiencies remain a significant public health challenge, particularly
among reproductive-age women, who are more vulnerable to the detrimental effects
of poor nutrition. In India, where malnutrition coexists with rapid economic growth
and demographic changes, addressing these deficiencies is critical to improving
maternal health, childbearing outcomes, and long-term well-being. From 1990 to
2021, India has faced a persistent burden of nutritional deficiencies, including iron,
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Abstract
Background: Nutritional deficiencies are a significant public health issue
among reproductive-age women in India, despite numerous interventions.
This study aims to quantify trends and predict future patterns of these
deficiencies from 1990 to 2021 using sophisticated Estimated Annual
Percentage Change (EAPC) and ARIMA models.

Methods: Utilizing secondary data from the Global Burden of Disease (GBD)
2021 study, we applied age-standardized rates for an in-depth analysis. The
approach included EAPC, joinpoint regression analysis and ARIMA forecasting
to identify trends and anticipate future scenarios of nutritional deficiencies
among reproductive-age women in India.

Results: Our findings show a notable overall decline in the incidence of
nutritional deficiencies, with an EAPC of -3.07% (95% CI: -3.25% to
-2.89%). APC analysis revealed a significant decreasing trend with a
segment-specific APC of -2.08% (95% CI: -2.19% to -1.97%). ARIMA
projections indicate a continued reduction in incidence rates, forecasting a
drop to 4,162.75 per 100,000 by 2030 (95% CI: 3,028.81–5,296.69).

Conclusion: The results underscore the impact of ongoing public health
initiatives and highlight the need for sustained policy efforts and resource
allocation to further mitigate nutritional deficiencies in reproductive-age
women in India.

Keywords: Nutritional deficiencies, women of reproductive age, India, Global Burden
of Disease, ARIMA, Sustainable Development Goals
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Vitamin A and iodine deficiencies, which contribute to a range of adverse health outcomes,
including anemia, stunting, and impaired cognitive development in children.

Nutritional deficiencies among reproductive-age women in India present a significant public health
challenge, with anemia being one of the most prevalent issues. Anemia affects a substantial portion
of this demographic, particularly pregnant and lactating women, due to inadequate dietary intake
and high energy demands from work and childbearing responsibilities [1]. Malnutrition in India is
multifaceted, encompassing undernutrition, micronutrient deficiencies, and overnutrition, with
nearly one-third of women aged 15-49 years being underweight [2, 3]. The socio-economic factors
contributing to these deficiencies include poverty, lack of education, and inadequate access to
healthcare and nutrition services [2, 3]. Urban areas also exhibit significant nutritional disparities,
with the poorest women experiencing higher rates of maternal thinness and anemia compared to
their wealthier counterparts [4]. Despite India's economic growth, the distribution of resources
remains uneven, exacerbating these nutritional challenges. The consequences of these deficiencies
are profound, affecting women's reproductive health, economic productivity, and overall well-being
[5]. Addressing these issues requires a multisectoral approach, including improved agricultural
productivity, better food distribution systems, and enhanced public health initiatives focused on
nutrition education and supplementation [3, 6]. Additionally, targeted interventions such as food
fortification and the provision of iodized salt and iron supplements are crucial to mitigating these
deficiencies and improving the health outcomes of women in this age group [6]. This study
leverages data from the Global Burden of Disease (GBD) Study 2021 to estimate the burden and
trends of nutritional deficiencies among reproductive-age women in India. The GBD database
provides a comprehensive, age-standardized analysis of disease burden, offering valuable insights
into temporal shifts in prevalence and associated disability-adjusted life years (DALYs) from 1990 to
2021. These trends are critical for understanding the evolving epidemiology of nutritional
deficiencies in India, a country with diverse socio-economic and geographic contexts.

Despite improvements in nutrition and health interventions, such as fortified foods and maternal
supplementation programs, the burden of nutritional deficiencies has remained stubbornly high.
This study aims to provide evidence to inform policy, prioritize interventions, and drive progress
towards achieving better health outcomes for women in India, with a focus on sustainable, long-
term solutions. Additionally, this research directly contributes to Sustainable Development Goal 2
(SDG 2), specifically targeting the end of all forms of malnutrition by 2030, as outlined by the
United Nations. It emphasizes the importance of tailored public health strategies to meet these
global nutritional targets effectively.

Methods
Data source

The data analyzed and presented in this study comes from the GBD 2021 public datasets, which are
accessible at (http://ghdx.healthdata.org/gbd-results/). The GBD 2021 study incorporates the most
recent and comprehensive epidemiological data, applying standardized methods to assess the
global burden of health loss and its associated risk factors for a wide range of diseases and
conditions. It evaluates 358 causes of death, 364 causes of years lived with disability (YLDs), and
373 causes of DALYs across 204 countries and territories from 1990 to 2021. The GBD methodology
integrates data from various sources, including national censuses, household surveys, civil
registration and vital statistics, health service utilization data, disease registries, satellite imagery,
and air pollution monitors. These datasets are harmonized using advanced statistical techniques to
provide consistent and comparable estimates of health outcomes globally. Further details of the
GBD 2021 methodology are available in the published literature [7].

Nutritional deficiencies were categorized according to the 10th revision of the International
Classification of Diseases (ICD-10), with relevant codes including D50–D53.9, E00–E02, E40–
E46.9, E50–E61.9, E63–E64.9, and Z13.2–Z13.3. These deficiencies were further classified into key
subgroups: protein-energy malnutrition (E40–E46.9, E64.0), iodine deficiencies (E00–E02), vitamin
A deficiency (E50–E50.9, E64.1), dietary iron deficiencies (D50–D50.9), and other nutrient
deficiencies (D51–D53.9, E51–E61.9, E63–E64, E64.2–E64.9).
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The GBD 2021 study defines the Socio-Demographic Index (SDI) as a composite measure that
ranges from 0 to 1, incorporating factors such as average income per capita, education levels, and
fertility rates. A value of 0 indicates the lowest level of development in relation to health outcomes,
while a value of 1 signifies the highest. Based on SDI scores, countries are classified into five
categories: low (SDI < 0.45), low-middle (SDI ≥ 0.45 and < 0.61), middle (SDI ≥ 0.61 and <
0.69), high-middle (SDI ≥ 0.69 and < 0.80), and high (SDI ≥ 0.80). Furthermore, countries and
territories are grouped into 21 regions based on their epidemiological similarities and geographical
proximity[8]. For this study, we utilized both the absolute numbers and age-standardized rates of
nutritional deficiencies among reproductive-age women (15–49 years). The age-standardized
incidence rate (ASIR) represents the number of new cases per 100,000 persons, while the age-
standardized DALY rate (ASR DALY) reflects the YLDs and years of life lost (YLLs) per 100,000
persons after age standardization.

Statistical analysis

The estimated annual percentage change (EAPC), which serves as an indicator of the trend in ASRs,
was calculated using the following formula:

Here, denotes the calendar year, indicates the yearly change, and represents the error term. The
EAPC is calculated as , based on the assumption that the ASR follows a normal distribution in its
logarithmic transformation. The 95% confidence interval (CI) for the EAPC was calculated, and the
standard error was obtained from the fitted regression model. If both the EAPC estimate and the
lower boundary of the 95% CI were greater than 0, the ASR was considered to show an increasing
trend. Conversely, if both the EAPC estimate and the upper boundary of the 95% CI were less than
0, the ASR was deemed to exhibit a decreasing trend. If the EAPC estimate and the corresponding
95% CI did not indicate a clear upward or downward trend, the ASR was considered stable over
time. Additionally, the Pearson correlation analysis was utilized to explore the correlation between
EAPC and SDI and ASR DALYs at a state level.

Joinpoint regression method

Joinpoint regression analysis was used to identify significant changes in the trend of ASRs of
nutritional deficiencies over time. The Joinpoint model detects points where the trend in the data
changes direction (i.e., "joinpoints"), allowing for the estimation of different linear segments within
the data. This method helps determine the number of segments that best fit the data and provides
a statistically significant assessment of trends. The software calculates the Annual Percent Change
(APC) for each segment, which is the rate of change in each identified trend segment.

The average annual percentage change (AAPC) is then derived by calculating a weighted average of
the APCs, which reflects the overall rate of change across the entire study period [9]. Joinpoint
analysis was conducted using the Joinpoint Regression Program (version 4.9.1.0, National Cancer
Institute, USA).

ARIMA (Auto Regressive Integrated Moving Average) method

To forecast future trends in nutritional deficiencies, we employed the ARIMA model, which is widely
used for time series forecasting[10]. ARIMA models consist of three components: autoregressive
(AR), differencing (I), and moving average (MA). The AR component models the relationship
between an observation and a specified number of lagged observations, while the I component
represents the number of differencing steps required to make the time series stationary. The MA
component captures the dependency between an observation and a residual error from a moving
average model applied to lagged observations.

The ARIMA model was fitted using the auto.arima() function in R (version 4.4.1), which
automatically selects the optimal parameters (p, d, q) based on the AIC (Akaike Information
Criterion). This approach was used to predict future values of age-standardized incidence rates and
DALY rates related to nutritional deficiencies.
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Results
Burden of nutritional deficiencies among reproductive-age women in India

The Figure 1 (A) provides a detailed analysis of nutritional deficiencies in India among reproductive-
age women from 1990 to 2021, focusing on incidence. The incidence of nutritional deficiencies
peaked around 4,000,000 cases annually between 1990 and 2005 but declined steadily to
approximately 2,000,000 by 2021. In 2021, Vitamin A deficiency accounted for the highest
incidence (2,233,982.85 cases), followed by protein-energy malnutrition (510,826.41 cases) and
iodine deficiency (156,786.19 cases). Over time, protein-energy malnutrition and iodine deficiency
declined, while Vitamin A deficiency remained significant. Figure 1 (B) provides a detailed analysis
of DALYs attributed to nutritional deficiencies increased from 4,300,000 in 1990, peaked at
5,300,000 in the mid-2000s, and decreased to 4,700,000 by 2021. Protein-energy malnutrition
dominated the DALY burden in 2021 with 4,529,352.46 DALYs (95%), while dietary iron deficiency
(42,300.21 DALYs), Vitamin A deficiency (19,747.51 DALYs), iodine deficiency (14,660 DALYs), and
other nutritional deficiencies (12,926.49 DALYs) contributed relatively less. The overall burden of
both incidence and DALYs has declined over the years, with protein-energy malnutrition consistently
being the most significant contributor.

Figure 1 (A): Incidence number attributed to nutritional deficiencies and main
subcategories in India by calendar year from 1990 to 2021, among reproductive age
group women.

Jena A al., (2024): Nutritional deficiencies among reproductive-age women

Evidence Public Health 2025:1(1)4



Table 1 presents the incidence and mortality rates of nutritional deficiencies among reproductive-
age women in India from 1990 to 2021, along with the percentage change and EAPC. Nationally,
the incidence decreased significantly from 19,422.71 (1990) to 7,670.51 (2021) per 100,000
population, reflecting a 60.51% reduction (EAPC: -3.07). Similarly, the mortality rate declined from
2.91 to 0.42 per 100,000, showing an 85.51% reduction (EAPC: -6.23). States like Chhattisgarh
and Telangana demonstrated the largest declines in mortality rates, with EAPCs of -8.21 and -8.07,
respectively. Despite these improvements, variations persist, with some states, such as Bihar and
Uttar Pradesh, exhibiting relatively higher incidence and mortality rates compared to others like
Goa and Kerala.

Figure 1 (B): DALYs number attributed to nutritional deficiencies and main subcategories
in India by calendar year from 1990 to 2021, among reproductive age group women.

Similarly, supplementary Table S1 illustrates the DALYs and prevalence of nutritional deficiencies
among reproductive-age women in India from 1990 to 2021, along with percentage changes and
EAPC. Nationally, DALYs decreased from 2,323.17 to 1,387.06 per 100,000 population, a 40.29%
reduction (EAPC: -1.64). Prevalence also declined from 61,735.63 to 50,224.16 per 100,000,
representing an 18.65% reduction (EAPC: -0.68). The steepest declines in DALYs were observed in
Delhi (EAPC: -3.15) and Tamil Nadu (-3.09), while smaller reductions occurred in states like
Arunachal Pradesh (-0.71). Prevalence reductions varied significantly, with the greatest
improvements seen in states such as Sikkim (-29.57%, EAPC: -1.26) and Mizoram (-30.74%,
EAPC: -1.29), indicating disparities in the progress made across different region.
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Figure 2 visually shows the geographic distribution of age-standardized prevalence and DALY rates
for nutritional deficiencies among reproductive-age women in India, comparing 1990 and 2021. In
1990, northern and central states like Uttar Pradesh and Bihar exhibited the highest prevalence
(66,652–72,653 cases) and DALY rates (2,791–3,620 per 100,000), while southern and north-
eastern states had lower burdens. By 2021, there was a notable nationwide decline in both
prevalence and DALY rates, though northern states like Uttar Pradesh and Bihar still had the highest
burden (prevalence: 50,753–99,992 cases; DALY rates: 1,564–1,860 per 100,000). This highlights
persistent regional disparities despite overall improvement.

Table1: Incidence and mortality rates of nutritional deficiencies among reproductive age
women in India

Incidence Death

Location 1990 2021
Percentage
Change

EAPC 1990 2021
Percentage
Change

EAPC

India
19422.71
(15605.14 to
24547.87)

7670.51
(6158.48 to
9456.99)

-60.51
(-60.54 to
-61.48)

-3.07
(-3.27 to
-2.86)

2.91 (2.17
to 3.66)

0.42
(0.34 to
0.52)

-85.51
(-84.48 to
-85.94)

-6.23
(-6.6 to
-5.86)

State

Andhra
Pradesh

22542.43
(16355.49 to
29735.07)

7945.08
(5877.58 to
10669.87)

-64.76
(-76.47 to
-45.24)

-3.47
(-3.61 to
-3.33)

1.44 (0.87
to 2.22)

0.16 (0.1
to 0.23)

-89.17
(-94.59 to
-79.26)

-6.96
(-7.37 to
-6.54)

Arunachal
Pradesh

18305.69
(12911.02 to
24722.14)

7034.85
(5101.33 to
9875.14)

-61.57
(-75.12 to
-38.23)

-3.25
(-3.36 to
-3.14)

0.61 (0.4
to 0.93)

0.18
(0.11 to
0.31)

-71.08
(-82.88 to
-50.24)

-3.31
(-3.76 to
-2.87)

Assam
17093.94
(11845.51 to
23869.23)

6967.46
(5159.35 to
9584.93)

-59.24
(-72.81 to
-37.1)

-2.89
(-3.1 to
-2.67)

2.91 (2.06
to 3.91)

0.46
(0.33 to
0.63)

-84.35
(-90.56 to
-73.56)

-6.58
(-7.36 to
-5.79)

Bihar
23280.91
(17532.72 to
30632.74)

11465.74
(8236.58 to
15265.99)

-50.75
(-66.24 to
-25.96)

-2.45
(-2.89 to
-2.01)

2.56 (1.58
to 3.91)

0.37
(0.24 to
0.54)

-85.62
(-92.17 to
-70.47)

-5.94
(-6.39 to
-5.48)

Chhattisgarh
25296.47
(19006.88 to
32972.33)

8444.63
(6252.48 to
11399.62)

-66.62
(-77.33 to
-51.1)

-3.69
(-3.87 to
-3.52)

10.69
(5.99 to
19.03)

0.85
(0.58 to
1.19)

-92.05
(-96.3 to
-83.28)

-8.21
(-8.78 to
-7.64)

Delhi
9347.36
(6733.45 to
13138.45)

4007.36
(3070.3 to
5290.17)

-57.13
(-71.41 to
-35.33)

-2.96
(-3.13 to
-2.78)

1.47 (0.98
to 2.11)

0.18
(0.12 to
0.26)

-87.59
(-92.93 to
-77.95)

-6.76
(-7.21 to
-6.31)

Goa
8609.44
(6203.1 to
11991.52)

4668.74
(3686.03 to
5947.23)

-45.77
(-63.21 to
-20.78)

-2.47
(-2.63 to
-2.3)

1.74 (1.08
to 2.6)

0.42
(0.27 to
0.61)

-76.04
(-87.05 to
-52.99)

-4.05
(-4.29 to
-3.8)

Gujarat
16461.75
(11870.69 to
22137.98)

6177.43
(4643.05 to
8182.52)

-62.47
(-74.69 to
-44.25)

-3.22
(-3.41 to
-3.02)

1.46 (0.91
to 2.2)

0.22
(0.16 to
0.29)

-85.05
(-91.48 to
-71.52)

-6.14
(-6.68 to
-5.59)

Haryana
18884.92
(13234.05 to
26069.61)

5688.29
(4230.56 to
7517.11)

-69.88
(-80.39 to
-54.34)

-3.94
(-4.13 to
-3.75)

1.59 (1.17
to 2.08)

0.51
(0.38 to
0.66)

-67.61
(-77.68 to
-50.04)

-3.3
(-3.88 to
-2.72)

Himachal
Pradesh

17455.29
(12076.07 to
23555.95)

5423.76
(4065.08 to
7416.08)

-68.93
(-79.42 to
-50.6)

-3.9
(-3.99 to
-3.81)

0.82 (0.54
to 1.15)

0.08
(0.06 to
0.12)

-89.79
(-94.27 to
-82.68)

-7.11
(-7.33 to
-6.89)

Jammu &
Kashmir and
Ladakh

17482.97
(12016.23 to
23684.51)

6200.15
(4537.08 to
8589.07)

-64.54
(-76.99 to
-44.6)

-3.53
(-3.63 to
-3.43)

0.64 (0.41
to 0.97)

0.1 (0.08
to 0.14)

-83.95
(-90.72 to
-70.17)

-5.8
(-5.96 to
-5.64)

Jharkhand
23368.94
(16673.09 to
30658.31)

9125.41
(6600.99 to
12401.08)

-60.95
(-73.48 to
-40.9)

-3.15
(-3.34 to
-2.96)

2.9 (1.86
to 4.37)

0.34
(0.25 to
0.46)

-88.17
(-93.34 to
-79.15)

-6.63
(-7.22 to
-6.03)

Karnataka
18504.48
(13410.83 to
24892.42)

6889.86
(5110.33 to
9174.16)

-62.77
(-74.65 to
-43.5)

-3.19
(-3.38 to
-3)

2.31 (1.52
to 3.27)

0.32
(0.24 to
0.42)

-86.29
(-91.73 to
-76)

-6 (-6.25
to -5.76)

Kerala
11900.03
(8503.45 to
16598.65)

5604.78
(4343.29 to
7068.08)

-52.9
(-67.08 to
-29.81)

-2.74
(-2.87 to
-2.61)

0.22 (0.14
to 0.32)

0.09
(0.07 to
0.12)

-60.04
(-74.19 to
-37.17)

-2.16
(-2.56 to
-1.76)

Madhya
Pradesh

23443.34
(17730.35 to
30619.7)

8675.86
(6325.26 to
11323.24)

-62.99
(-73.95 to
-45.12)

-3.19
(-3.47 to
-2.9)

3.98 (2.52
to 5.87)

0.47
(0.34 to
0.63)

-88.15
(-93.1 to
-78.5)

-6.74
(-7.42 to
-6.05)
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Maharashtr
a

16077.88
(11781.41 to
21378.65)

5856.13
(4520.66 to
7555.72)

-63.58
(-74.64 to
-46.14)

-3.27
(-3.46 to
-3.08)

2.9 (2 to
3.95)

0.45
(0.34 to
0.59)

-84.58
(-90.57 to
-75.25)

-6.07
(-6.42 to
-5.72)

Manipur
12737.8
(8806.82 to
18121.91)

6343.95
(4487.34 to
9211.96)

-50.2
(-68.77 to
-18.12)

-2.24
(-2.34 to
-2.14)

0.8 (0.52
to 1.14)

0.25
(0.16 to
0.37)

-69.06
(-81.46 to
-46.75)

-3.51
(-3.86 to
-3.16)

Meghalaya
17022.23
(11904.52 to
23462.51)

8227.05
(6126.3 to
11293.12)

-51.67
(-68.36 to
-23.86)

-2.53
(-2.64 to
-2.42)

0.52
(0.33 to
0.73)

0.11
(0.07 to
0.17)

-77.83
(-86.83 to
-60.92)

-4.23
(-4.96 to
-3.5)

Mizoram
12969.94
(9288.4 to
18054.27)

5961.65
(4495.84 to
8160.63)

-54.03
(-69.17 to
-27.37)

-2.5 (-2.7
to -2.31)

0.05
(0.04 to
0.07)

0.01
(0.01 to
0.02)

-72.52
(-84.66 to
-52.13)

-4.11
(-4.49 to
-3.73)

Nagaland
11948.54
(8349.77 to
16259.61)

5300.95
(3883.91 to
7012.43)

-55.64
(-70.25 to
-33.7)

-2.71
(-2.83 to
-2.59)

0.73
(0.46 to
1.04)

0.18
(0.11 to
0.27)

-75.09
(-87.5 to
-54.37)

-4.37
(-4.72 to
-4.03)

Odisha
22497.99
(16385.29 to
29139.74)

7707.67
(5652.86 to
10391.67)

-65.74
(-77.39 to
-49.19)

-3.6 (-3.73
to -3.48)

3.53
(2.34 to
5.13)

0.5 (0.33
to 0.72)

-85.96
(-92.86 to
-72.83)

-6.12
(-6.68 to
-5.55)

Other Union
Territories

10981.43
(7905.24 to
15453.95)

5160.81
(3866.38 to
6707.04)

-53 (-67.84
to -28.5)

-3.06
(-3.32 to
-2.8)

3.04
(1.49 to
6.08)

0.18
(0.12 to
0.27)

-94.06
(-97.49 to
-85.87)

-5.9 (-6.33
to -5.46)

Punjab
13351.57
(9433.07 to
19182.05)

5446.77
(3992.06 to
7320.85)

-59.21
(-73.39 to
-36.18)

-3.05
(-3.22 to
-2.87)

1.21
(0.79 to
1.71)

0.22
(0.16 to
0.3)

-81.57
(-89.42 to
-68.63)

-4.91
(-5.14 to
-4.68)

Rajasthan
24634.26
(18053.05 to
33020.4)

8459.17
(6068.53 to
11404.96)

-65.66
(-77.85 to
-48.06)

-3.52
(-3.78 to
-3.25)

1.59 (1.1
to 2.19)

0.26
(0.18 to
0.36)

-83.64
(-90.04 to
-72.48)

-6.19
(-6.95 to
-5.42)

Sikkim
16301.8
(11051.79 to
21967.69)

6122.68
(4559.86 to
8369.65)

-62.44
(-74.68 to
-41.5)

-3.58
(-3.75 to
-3.41)

0.4 (0.22
to 0.62)

0.06
(0.03 to
0.09)

-85.36
(-91.88 to
-74.74)

-6.14
(-6.69 to
-5.6)

Tamil Nadu
15821.98
(11477.69 to
21458.51)

6374.26
(4826.78 to
8417.79)

-59.71
(-72.58 to
-39.32)

-3.14
(-3.26 to
-3.01)

4.91
(3.32 to
6.64)

0.59
(0.42 to
0.86)

-87.93
(-93.01 to
-79.57)

-6.78
(-7.05 to
-6.51)

Telangana
23323.57
(16732.19 to
31140.12)

7606.84
(5608.02 to
10309.98)

-67.39
(-77.62 to
-49.64)

-3.82
(-3.97 to
-3.68)

2.39
(1.42 to
3.61)

0.2 (0.11
to 0.32)

-91.72
(-96.23 to
-82.93)

-8.07
(-8.55 to
-7.59)

Tripura
17111.94
(12452.68 to
23136.86)

8110.21
(5926.09 to
10691.73)

-52.6 (-68.5
to -26.79)

-2.6 (-2.7
to -2.51)

1.07
(0.69 to
1.65)

0.26
(0.17 to
0.39)

-75.66
(-87.18 to
-55.2)

-4.14
(-4.56 to
-3.72)

Uttar
Pradesh

21950.01
(16105.97 to
28963.55)

8442.08
(6099.09 to
11764.12)

-61.54
(-74.23 to
-42.47)

-4.1 (-4.27
to -3.92)

4.32 (2.9
to 6.01)

0.72
(0.52 to
0.96)

-83.28
(-89.85 to
-73.07)

-7.13
(-7.71 to
-6.55)

Uttarakhan
d

15989.48
(11353.29 to
21280.34)

4949.13
(3748.55 to
6824.17)

-69.05
(-79.65 to
-54.08)

-2.65
(-2.83 to
-2.48)

4.7 (3.05
to 7.22)

0.56 (0.4
to 0.79)

-88.11
(-93.06 to
-76.79)

-6.79
(-7.03 to
-6.55)

West
Bengal

17320.57
(12394.43 to
23353.97)

7725.33
(5808.7 to
10120.28)

-55.4
(-70.28 to
-31.75)

-2.67
(-2.78 to
-2.56)

2.09
(1.29 to
3.33)

0.26
(0.19 to
0.35)

-87.41
(-93.04 to
-77.64)

-9.65
(-10.03 to
-9.27)

In Figure 3, a joinpoint regression analysis delineates the ASR of nutritional deficiencies among
reproductive-age women, evaluating metrics including the ASIR, prevalence, ASR DALYs, and
ASMR. The ASIR identified three significant trend shifts in 2005, with an APC of -2.08, indicative of
a decreasing trend. Conversely, a modest uptick is observed between 2019 and 2021, with an APC
increase to 0.72. The ASR DALYs show a pronounced and continuous decline over an extended
period from 1990 to 2021, articulated through six joinpoints. Similarly, the prevalence rate per
100,000 population demonstrates a marked reduction, particularly sharp in the latter segment from
2019 to 2021, where the APC plummeted to -4.92. These findings underscore the dynamic and
evolving landscape of nutritional health challenges and achievements within this demographic
group.

Figure 4 provides a detailed analysis of DALYs for specific nutritional deficiencies among
reproductive-age women in India, highlighting dietary iron deficiency, iodine deficiency, protein-
energy malnutrition, other nutritional deficiencies, and vitamin A deficiency. The data from 2021
exhibits significant variations in the burden of these deficiencies across states, with dietary
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Iron deficiency and protein-energy malnutrition being particularly prominent. Panel A quantifies the
absolute numbers of DALYs associated with these deficiencies, demonstrating the extensive impact
of dietary iron deficiency, which stands out as a critical health issue for reproductive-age women in
many states. Other dietary deficiencies, which encompass inadequate intakes of essential nutrients
other than iron, also contribute significantly to the total DALYs, reflecting widespread nutritional
challenges in this demographic. Panel B offers a visual representation of the proportional impact of
each deficiency type within each state, using a stacked bar format. The prominence of bars related
to dietary iron deficiency and other dietary deficiencies in most states highlights the urgent need
for targeted nutritional interventions. This stark portrayal underscores the necessity for enhanced
public health initiatives such as nutritional education, supplementation programs, and broader
access to healthcare services. These steps are crucial to improve the nutritional status and overall
health outcomes for reproductive-age women in India. The prevalence of dietary and iron
deficiencies, in particular, stresses the importance for policymakers and health organizations to
prioritize and implement effective strategies aimed at reducing these specific nutritional burdens.

Figure 2: Geographic distribution of age-standardized prevalence and DALY rates
attributed to nutritional deficiencies among reproductive age group women in India, with
comparisons between 1990 and 2021: (A) age-standardized prevalence, (B) age-
standardized DALY rate.

Figure 5 provides a detailed depiction of the distribution of nutritional deficiencies and associated
DALYs across different age groups, specifically focusing on women in the reproductive age bracket
of 15-49 years. Panel A of the figure quantifies DALYs within this broad age group, revealing that
certain deficiencies, such as protein-energy malnutrition and dietary iron deficiency, impose a
significantly higher health burden compared to others like iodine deficiency or vitamin deficiency
(Figure 5A). Figure 5B breaks down the DALYs within the reproductive age group further by
narrower age categories, illustrating a potential trend where younger subgroups within this bracket
may experience a higher burden of specific nutritional deficiencies. Panel C compares the proportion
of DALY rates attributed to each nutritional deficiency across all age groups, enabling an
assessment of the relative impact of each deficiency throughout different stages of life. This
comprehensive analysis is critical for informing targeted public health interventions and policies to
mitigate the impact of nutritional deficiencies among reproductive-age women.
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Socio-Demographic index and nutritional deficiencies in India

Figure 6 analyses the relationship between temporal trends in age-standardized DALY rates for
nutritional deficiencies among reproductive-age women and the SDI across regions. Panel A shows
a general decline in DALY rates over time, with variations across locations, indicating improvements
in addressing nutritional deficiencies. Panel B explores the correlation between the EAPC in DALY
rates and SDI, revealing a moderate negative correlation (R = -0.28, p = 0.13). While higher SDI
levels are associated with greater reductions in DALY rates, the correlation is not statistically
significant. These findings highlight the role of socio-economic factors in influencing nutritional
outcomes.

Figure 3: Joinpoint analysis of nutritional deficiencies among reproductive-age group
women: (A) age-standardized incidence rate, (B) age-standardized prevalence, (C) age-
standardized DALY rate, (D) age-standardized death rate.

Forecasting nutritional deficiencies

Figure 7, supported by data from supplementary Table S2, presents ARIMA-based forecasts for
nutritional deficiencies among reproductive-age women in India, highlighting trends in incidence,
prevalence, DALYs, and death rates through 2031. The incidence rate is projected to decline from
7,208.57 per 100,000 in 2022 (95% CI: 6,959.36–7,457.78) to 4,162.75 per 100,000 in 2030
(95% CI: 3,028.81–5,296.69). Prevalence shows a gradual reduction from 49,938.51 per 100,000
in 2022 (95% CI: 49,763.99–50,113.04) to 47,653.34 per 100,000 in 2030 (95% CI: 43,652.69–
51,654.00). DALYs are expected to decrease from 1,371.05 per 100,000 (95% CI: 1,355.93–
1,386.18) in 2022 to 1,242.99 per 100,000 (95% CI: 987.69–1,498.29) in 2030, reflecting
continued reductions in disease burden. The death rate, starting at 0.38 per 100,000 in 2022 (95%
CI: 0.32–0.45), is forecasted to become statistically negligible by 2028, though widening
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Confidence intervals highlight increasing uncertainty over time. supplementary Table S2 provides
detailed projections with 95% confidence intervals, emphasizing the need for sustained public
health efforts to achieve these forecasted improvements.

Discussion
From 1990 to 2021, significant progress has been made in addressing nutritional deficiencies
among reproductive-age women in India, with marked reductions in incidence, prevalence, DALYs,
and mortality rates. Nationally, there has been a substantial decline in both incidence and mortality,
reflecting the positive impact of improved interventions and healthcare systems. Similarly, DALYs
and prevalence have also shown a notable decrease. However, disparities persist, particularly in
states like Uttar Pradesh and Bihar, which continue to experience a disproportionately higher
burden. Protein-energy malnutrition remains the primary contributor to DALYs, followed by
deficiencies in vitamin A and dietary iron. Projections suggest that these trends will continue, with
further reductions in incidence, DALYs, and prevalence expected in the coming years.

Figure 4: Distribution of subcategories of nutritional deficiencies and DALYs in India: (A)
DALY numbers with subcategories of nutritional deficiencies, (B) proportional plot of
DALYs attributed to nutritional deficiencies across all states, for the years 1990 and
2021.
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Additionally, prior studies indicate that women in this age group face significant risks of being
underweight or overweight, with variations influenced by age, socioeconomic status, and
geographic location. For instance, younger women (20-24 years) are more likely to be underweight,
while older women (45-49 years) face higher risks of being overnourished [11]. In rural areas,
undernutrition is more prevalent, exacerbated by limited access to diverse diets and healthcare
resources [12]. Indigenous communities, such as those in Attappady, Kerala, exhibit poor dietary
diversity, with diets heavily reliant on cereals and starchy staples, leading to chronic energy
deficiencies and micronutrient inadequacies, particularly in iron, calcium, and vitamin A [13, 14].
The prevalence of anemia remains alarmingly high, affecting approximately 73.9% of women, with
significant associations between nutritional status and factors like age at marriage and body mass
index [15].
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Figure 5: Distribution of nutritional deficiencies subcategories: (A) DALY cases in the
broad age group 15-49 years; (B) age-wise distribution of DALYs in the reproductive age
group; and (C) proportion of DALY rates across age groups.

In Punjab, deficiencies in iron, zinc, vitamin B12, and folate are prevalent, suggesting the potential
benefits of interventions like multiply-fortified salt (MFS) to address these gaps [16]. Despite a
general decline in undernutrition from 32.8% to 27.1% over two decades, disparities persist across
different states and social groups, highlighting the need for targeted interventions [17]. Addressing
these nutritional challenges requires culturally sensitive approaches, particularly in indigenous and
low-income communities, to improve dietary diversity and micronutrient intake through education,
food fortification, and policy reforms [18, 19].

Anemia remains a major health concern among reproductive-age women in India, affecting a
significant proportion of this population. Approximately one-third of Indian women in this age group
are undernourished, and over 56% suffer from iron deficiency anemia, which is notably higher than
in many other countries [14, 20, 21]. Indigenous women in India face particularly severe nutritional
challenges, with deficits in the intake of essential food groups such as pulses, green leafy
vegetables, and dairy products, leading to a high risk of deficiencies in iron, calcium, and vitamin A
[14]. This nutritional inadequacy is compounded by socio-economic factors, as women from lower
wealth quintiles are more likely to be undernourished [22]. In comparison, developed countries
face a different spectrum of nutritional issues, with obesity and related disorders being more
prevalent, affecting reproductive health through mechanisms such as anovulation and increased
pregnancy complications [23]. The dual burden of malnutrition in India, characterized by both
undernutrition and rising obesity rates, reflects a demographic and dietary transition, with a notable
increase in overweight and obesity among women over the past two decades [21]. This contrasts
with the situation in many developed countries where obesity is a more dominant issue. Nutritional
interventions in India, such as the provision of energy-dense food supplements, have shown
promise in improving weight gain among underweight women during preconception and pregnancy
[24]. However, the persistent high rates of anemia and undernutrition highlight the need for
comprehensive nutritional programs that address both macro and micronutrient deficiencies,
integrated with family planning services to mitigate the potential increase in fertility associated with
improved nutrition [25].

Nutritional deficiencies among women of reproductive age (WRA) are a significant global health
concern, with varying prevalence and impacts across different countries.
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Figure 6: (A) Temporal trends in age-standardized DALY rates associated with nutritional
deficiencies and their relationship with SDI among reproductive-age women, (B)
Correlation between the estimated annual percentage change (EAPC) and the Socio-
Demographic Index (SDI).

In low- and middle-income countries, dietary diversity is often inadequate, leading to insufficient
intake of essential micronutrients such as calcium, iron, zinc, and vitamins A, B12, and folate,
which are crucial for reproductive health [18]. For instance, in Bangladesh, a high percentage of
WRA, particularly adolescent girls, suffer from inadequate intake of these nutrients, exacerbated by
socio-economic factors like low educational levels and income [26]. Similarly, in Ethiopia, chronic
energy malnutrition is prevalent, with underweight conditions being more common among rural,
unemployed, and less educated women [26]. In Sudan, the consumption of micronutrient-rich
foods is moderate among reproductive-age women,

But iron deficiency and anemia remain significant issues [27]. In Turkey, agricultural workers face
high rates of anemia and deficiencies in vitamin B12 and folate, highlighting the need for targeted
public health interventions [28]. Comparatively, in South Asia and Sub-Saharan Africa, the burden
of nutritional deficiencies, particularly iodine and vitamin A, has been increasing, with significant
implications for maternal and child health [19]. These deficiencies are not solely linked to economic
factors but are also influenced by social and cultural capital, necessitating comprehensive strategies
that include food fortification, supplementation programs, and community awareness initiatives to
address these disparities [19, 29]. Overall, addressing nutritional deficiencies in WRA requires a
multifaceted approach that considers regional disparities and socio-economic determinants to
improve health outcomes effectively.

Figure 7: Forecast plot of nutritional deficiencies among reproductive-age women: (A)
age-standardized incidence rate, (B) age-standardized prevalence, (C) age-standardized
DALY rate, (D) age-standardized death rate.

Nutritional deficiencies in India are influenced by a complex interplay of risk factors, and the
effectiveness of existing programs and policies. The country faces a triple burden of malnutrition,
characterized by undernutrition, overnutrition, and micronutrient deficiencies, affecting a significant
portion of the population, including children, pregnant women, and adolescents [30-32]. Risk
factors include inadequate agricultural productivity, lack of education, gender inequality, and poor
public distribution systems, which exacerbate food insecurity and malnutrition [3, 33]. The
economic impact is substantial, with malnutrition contributing to a loss of 3-4% of India's

Jena A al., (2024): Nutritional deficiencies among reproductive-age women

Evidence Public Health 2025:1(1)14



GDP due to decreased productivity [3]. Despite various government initiatives like the Integrated
Child Development Services (ICDS) and the National Iron+ Initiative, the full potential of these
programs is not realized due to inadequate implementation and monitoring [31, 34]. The
government has set ambitious goals, such as reducing anemia and achieving universal access to
iodized salt, but challenges persist due to insufficient strategic planning and resource allocation. To
address these issues, a multisectoral approach is necessary, focusing on improving agricultural
practices, enhancing food storage, and ensuring equitable access to nutrition programs, particularly
in rural and marginalized communities [3]. Additionally, community awareness and education
campaigns are crucial to promote better dietary practices and address the underlying social
determinants of health. Overall, while progress has been made, a coordinated effort involving policy
reform, community engagement, and robust monitoring systems is essential to effectively combat
nutritional deficiencies in India [30]. The results of this study underscore the importance of
sustained and multifaceted public health interventions to continue reducing nutritional deficiencies
among reproductive-age women in India. By examining long-term trends and projecting future
scenarios, this research supports and guides ongoing efforts to achieve Sustainable Development
Goal 2, aiming to end malnutrition in all its forms by 2030.

This study's strength lies in its comprehensive use of sophisticated statistical models like EAPC,
joinpoint regression, and ARIMA, allowing for a detailed analysis of trends and future projections of
nutritional deficiencies among reproductive-age women in India. Such robust methodology
enhances the reliability of the findings and their applicability in policy-making and public health
strategies. However, a limitation of the study is its reliance on secondary data from the GBD, which
may include inconsistencies in data collection methods across different regions and time periods.
Additionally, the study might not fully capture the impact of localized health initiatives that could
affect nutritional outcomes, nor does it account for the socio-economic changes post-2021, which
could influence future trends.

Conclusion
This study successfully highlighted the significant reductions in nutritional deficiencies among
reproductive-age women in India over a 31-year period, evidenced by a consistent decrease in
EAPC and confirmed through joinpoint APC and ARIMA analyses. The EAPC indicates a significant
reduction in nutritional deficiency rates, while the APC analysis confirms a substantial decreasing
trend. ARIMA forecasts predict a continued decline, with rates projected to decrease by 2030.These
outcomes underscore the effectiveness of longitudinal public health interventions and the need for
ongoing policy efforts and resource allocation. This study aligns with the SDG to end all forms of
malnutrition by 2030, emphasizing the importance of sustained interventions to reduce nutritional
deficiencies. It suggests a continued focus on tailored interventions to address regional disparities
and strengthen the reduction of nutritional deficiencies among reproductive-age women in India,
thereby contributing significantly to global nutrition and health targets.
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