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Introduction

Social determinants of  health such as education and gender 
equality are strongly related to health seeking behavior and overall 
health outcomes. It has been known that better education, partly 
reflected by higher literacy rates is associated with higher incomes 
and better health indicators such as lower infant mortality rates 
(IMRs) and lower population growth rate. Education of  families, 
especially of  women has a ‘multiplier effect’ on development.[1] 
Reduction of  fertility has been observed in relation to better 
educational attainment in women.[2,3] Education of  women 
reflected as higher literacy has also been seen to reduce IMRs 
independent of  socioeconomic status or residence in rural or 
urban area.[4-7]

Both population stabilization and reduction in infant mortality 
are key priorities for India, for which better literacy is needed. 
However, the general relationship between literacy and improved 

health tends to obscure the specific contribution of  female literacy 
over and above male literacy. Millennium Development Goals 
have emphasized gender equality with the target of  eliminating 
gender disparity in education of  boys and girls.[8] Therefore, we 
aim to estimate the individual independent associations of  male 
and female literacy with certain key health indicators, that is, crude 
birth rate (CBR) and IMR of  states and union territories (UTs) 
in India. Knowledge of  these individual associations will help 
us understand how the gender inequality in literacy specifically 
influences these health indicators.

Materials and Methods

We did an ecological analysis of  the data from the national 
surveys conducted by the Registrar General of  India. State-wise 
literacy rates were taken from the 2011 Census of  India.[9] We 
used literacy rates to reflect educational status to give a simple 
percentage measure for uniform comparison. CBR and IMR were 
taken from Sample Registration System (SRS) report pertaining to 
December 2011.[10] Thus, the census and SRS data corresponded 
to roughly the same time period. CBR was taken as a surrogate 
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fertility indicator as other indicators such as generalized fertility 
rates, generalized marital fertility rates, and total fertility rates 
were available only for large states with more than 10 million 
population. Each state or UT was taken as the unit for linear 
regression analysis. CBR and IMR were taken as dependent 
variables while the overall, male, and female literacy rates were 
independent variables. The dataset used is given in Table 1.

Best fitting lines on scatter plots were drawn and slope parameters 
and R2 value was calculated. Initially, overall literacy rates and male 
literacy rates and female literacy rates were all analyzed individually 
with CBR and IMR, respectively. Next, we combined male and 
female literacy rates as predictors of  CBR and IMR, respectively in 
multiple regression analysis. We used the slopes of  the regression 
line to quantify the expected reductions in CBR and IMR on each 
10% increase in overall literacy rates of  states and UTs.

Results

On linear regression, an inverse relationship was found between 
male literacy rates, female literacy rates [Figure 1], and overall literacy 
rates with that of  the CBR of  the respective states and UTs [Table 
2]. The slope of  -0.325 for female literacy versus CBR suggests that 
every 1% increase in female literacy is associated with fall in CBR 
by 0.325/1,000 live births. Fifty-nine percent of  the variability in 
CBR was explained by this relationship, as suggested by the R2 value.

Similarly, an inverse relationship was found between male literacy 
rates, female literacy rates [Figure 2], and overall literacy rate 
literacy rates taken individually with the IMR of  the states and 
the UTs [Table 2].

We did multiple linear regression taking male and female literacy rates 
together as predicting factors of  CBR. We found that there was no 

Table 1: Literacy rates, crude birth rates, and infant mortality rates of states and union territories of India 
(Census 2011 and Sample Registration System (SRS) December 2011)

Serial no. State or union territory 
of  India

Literacy rate 
(Census 2011)

Male literacy rate 
(Census 2011)

Female literacy rate 
(Census 2011)

Crude birth rate 
(SRS December 2011)

Infant mortality rate 
(SRS December 2011)

1 Andaman and Nicobar 86.27 90.11 81.84 15.6 25
2 Andhra Pradesh 67.66 75.56 59.74 17.9 46
3 Arunachal Pradesh 66.95 73.69 59.57 20.5 31
4 Assam 73.18 78.81 67.27 23.2 58
5 Bihar 63.82 73.39 53.33 28.1 48
6 Chandigarh 86.43 90.54 81.38 15.6 22
7 Chhattisgarh 71.04 81.45 60.59 25.3 51
8 Dadra and Nagar Haveli 77.65 86.46 65.93 26.6 38
9 Daman and Diu 87.07 91.48 79.59 18.8 23
10 Delhi 86.34 91.03 80.93 17.8 30
11 Goa 87.4 92.81 81.84 13.2 10
12 Gujarat 79.31 87.23 70.73 21.8 44
13 Haryana 76.64 85.38 66.77 22.3 48
14 Himachal Pradesh 83.78 90.83 76.6 16.9 40
15 Jammu and Kashmir 68.74 78.26 58.01 18.3 43
16 Jharkhand 67.63 78.45 56.21 25.3 42
17 Karnataka 75.6 82.85 68.13 19.2 38
18 Kerala 93.91 96.02 91.98 14.8 13
19 Lakshadweep 92.28 96.11 88.25 14.3 25
20 Madhya Pradesh 70.63 80.53 60.02 27.3 62
21 Maharashtra 82.91 89.82 75.48 17.1 28
22 Manipur 79.85 86.49 73.17 14.9 14
23 Meghalaya 75.48 77.17 73.78 24.5 55
24 Mizoram 91.58 93.72 89.4 17.1 37
25 Nagaland 80.11 83.29 76.69 16.8 23
26 Odisha 73.45 82.4 64.36 20.5 61
27 Puducherry 86.55 92.12 81.22 16.7 22
28 Punjab 76.68 81.48 71.34 16.6 34
29 Rajasthan 67.06 80.51 52.66 26.7 55
30 Sikkim 82.2 87.29 76.43 17.8 30
31 Tamil Nadu 80.33 86.81 73.86 15.9 24
32 Tripura 87.75 92.18 83.15 14.9 27
33 Uttar Pradesh 69.72 79.24 59.26 28.3 61
34 Uttarakhand 79.63 88.33 70.7 19.3 38
35 West Bengal 77.08 82.67 71.16 16.8 31

INDIA 74.04 82.14 65.46 22.1 47
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relationship between  male literacy rate and CBR, as the slope of  linear 
regression line was  found not significantly different from zero. The 
slope of  female literacy remained significantly negative, implying an 
inverse relationship [Table 3]. Similarly, while taking male and female 
literacy rates together as predicting factors of  IMR, the relationship 
of  male literacy rate with IMR was found to be nonsignificant, while 
an inverse relationship was found between female literacy rate and 
IMR, as suggested by a significantly negative slope [Table 3].

Discussion

States and UTs with higher literacy rates were found to have lower 
birth rates and IMRs. An  association at the state or UT level 

was found between high female literacy rates and low birth rates 
and  low IMRs. This suggests that literacy in women is related 
to delayed age of  marriage and better access to contraception, 
thereby contributing to population stabilization.[11,12] The slope 
of  linear regression suggests that a 10% increase in overall 
literacy rate at the state or UT level will reduce CBR by four 
live births/1,000 population and IMR by 12/1,000 live births. 
This potential reduction of  IMR with improvement in literacy 
is substantial. For example in a state with an IMR of  60/ 1,000 
live births, a 20% reduction in IMR may be expected with a 
10% rise in literacy rate.  However, we do not quantify probable 
improvements in these indicators due to improvement in female 
and male literacy rates separately, as it is not possible to improve 
one without the other.

We also found that female literacy rates were inversely related to 
IMR and CBR independent of  the male literacy rates. Although 
statistically associative in nature, many causal pathways for this 
relationship may exist. First of  all, education brings independent 
income for women who can spend it on essential child care. Better 
social standing of  women resulting from wider literacy is likely 
to give them decision making roles with regard to nutrition and 
immunization, thereby improving child health. Also, education 
empowers women to apply the right knowledge in the form of  
home based care and prompt referral of  a child in an illness.[13] 
This, in addition to the gains made over time in ensuring adequate 
nutrition, is one of  the plausible mechanisms of  women’s 
education saving infant lives.

Figure 1: Scatter plot and linear regression of female literacy rates vs crude birth rates of states and union territories (UTs) of India (slope = 
–0.325, P < 0.001, R2 = 0.590)

Table 2: Results of individual linear regression between 
literacy rates as a predictor of CBR and IMR of states 

and UTs of India
Dependent 
variable

Literacy 
rate

Slope of  
regression 

line

95% confidence 
interval

P-value R2 value

Lower 
bound

Upper 
bound

CBR Overall –0.402 –0.533 –0.271 <0.001* 0.541
Male –0.460 –0.6-47 –0.272 <0.001* 0.430
Female –0.325 –0.421 –0.229 <0.001* 0.590

IMR Overall –1.254 –1.694 –0.813 <0.001* 0.504
Male –1.485 –2.091 –0.878 <0.001* 0.429
Female –0.971 –1.312 –0.630 <0.001* 0.504

*Significant P-value. CBR: Crude birth rate; IMR: Infant mortality rate; UT: Union territory
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Table 3: Multiple linear regression between male and 
female literacy rates together as a predictor of CBR and 

IMR, respectively
Dependent 
variable

Literacy 
rate

Slope of  
regression 

line

95% confidence 
interval

P-value R2 value

Lower 
bound

Upper 
bound

CBR Male 0.072 –0.271 0.414 0.674 0.770
Female –0.363 –0.570 –0.156 <0.001*

IMR Male –0.291 –1.508 0.927 0.630 0.508
Female –0.816 –1.550 –0.082 0.031*

*Significant P-value; CBR: Crude birth rate; IMR: Infant mortality rate

Overall, it is highlighted that literacy of  women is relatively 
more important for both population stabilization and lower 
infant mortality than male literacy rates. Our findings suggest 
that gender equality in literacy must be considered important. 
In settings where there is a high gap in male and female literacy, 
health indicators are expected to remain poor despite high 
overall literacy rates. This phenomenon is seen in some states 
like Chhattisgarh, Madhya Pradesh, Haryana, and Orissa.[9]

We have a limitation that this ecological association might not 
be generalizable to the family unit. But we feel that even this 
broad relationship should spur the individual state governments 
of  India to prioritize education of  girls as a highly productive 
strategy for improving health.

The latest report on Millennium Development Goals states that 
one of  the targets of  achieving gender parity in school enrolment 
of  girls and boys has been achieved.[14] It remains to be seen how 
far this encouraging trend is replicated in the social and economic 
arena of  gender parity. In the years to come, we  must not lose 
sight of  the fact that empowerment of  women is vital to the 
achievement of  a healthy community.

Conclusion

Female literacy is an important determinant of  infant health 
and population stabilization. The effect of  female literacy exists 
independently of  male literacy.
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