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Introduction: The COVID-19 pandemic triggered global health crises, affecting population health directly through infections and fatalities, and indirectly by increasing the burden of chronic diseases due to disrupted healthcare access and altered lifestyle behaviors. Amidst these challenges, concerns regarding reproductive health and fertility rates have emerged, necessitating an understanding of their implications for policymaking and healthcare planning. Furthermore, Kazakhstan’s healthcare landscape underwent significant changes with the reintroduction of compulsory social health insurance system in January 2020, coinciding with the onset of the COVID-19 pandemic. This study aims to assess the impact of the COVID-19 pandemic and compulsory social health insurance system on fertility rates in Kazakhstan by examining live birth data from 2019 to 2024.

Methods: Using Interrupted Time Series analysis, we evaluated the effect of the COVID-19 lockdown announcement and compulsory social health insurance system implementation on monthly birth rates, adjusted for the number of women of reproductive age from January 2019 to December 2023.

Results: In the final model, the coefficients were as follows: the effect of the COVID-19 lockdown was estimated at 469 (SE = 2600, p = 0.8576); the centering variable was estimated at 318 (SE = 222, p = 0.1573), suggesting no significant trend in monthly birth rates over time; the insurance effect was estimated at 7,050 (SE = 2,530, p < 0.01); and the effect of the number of women of reproductive age was estimated at -0.204 (SE = 0.0831, p = 0.01).

Discussion: The implementation of the compulsory social health insurance system, rather than the announcement of the COVID-19 lockdown, has had a significant positive impact on live birth rates in Kazakhstan. However, despite governmental efforts, live birth rates are declining, potentially due to unaddressed health needs of fertile women and economic challenges. Urgent policy-level actions are needed to address gaps in healthcare services and promote reproductive health.
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1 Introduction

Live birth rates are a critical indicator of population health and demographic trends (1), reflecting a society’s reproductive behaviors in response to local and global economic and political situations. Globally, birth rates are declining, and Kazakhstan is no exception (2). Historical data indicates that the live birth rate is highly sensitive to the nation’s well-being. Following the collapse of the Soviet Union, Kazakhstan experienced a significant drop in live birth rates, with the lowest in 1999, reflecting the socio-economic challenges of transitioning to an independent state and facing substantial population migration (3, 4). However, since 2003, the population has grown, aided by the cessation of migration and an increase in birth rates (3). Despite this growth, the last decade has seen a steady decline in live birth rates in Kazakhstan, dropping from 22.620 per 1,000 people in 2013 to 17.477 per 1,000 people in 2023, according to Macrotrends data (5). Understanding these fluctuations is essential given Kazakhstan’s complex socio-economic landscape, shaped by recent healthcare reforms and global events.

The Coronavirus Disease 2019 (COVID-19) pandemic was a global health crisis characterized by the rapid spread of a coronavirus, causing widespread illness and mortality (6, 7). This unprecedented health emergency not only directly impacted population health through infections and fatalities but also indirectly contributed to an increased burden of chronic diseases due to disruptions in healthcare access, delayed treatments, and changes in lifestyle behaviors (8). Furthermore, the pandemic raised reproductive health concerns and affected fertility rates globally (9, 10). Understanding the pandemic’s impact on fertility patterns is crucial for informed policymaking and healthcare planning (11).

Kazakhstan, presents a unique case study due to its evolving healthcare landscape during the pandemic. As of October 2023, the Johns Hopkins Coronavirus Resource Center reported 1,498,668 confirmed COVID-19 cases and 19,071 deaths in Kazakhstan (12). It was estimated that at the peak of the outbreak, Kazakhstan would need approximately 47,248 beds for severe cases and 1,930 beds for critical cases (13). Additionally, it was projected there would be a significant demand for healthcare workers and both diagnostic and treatment equipment (13). The pandemic exposed vulnerabilities in the healthcare system, particularly the severe shortages of essential medications and equipment, as well as the insufficient number of hospital beds (14).

In January 2020, the reintroduction of the compulsory social health insurance system (CSHIS) commenced, coinciding with the onset of the COVID-19 pandemic in March 2020 (15–17). Prior to this, Kazakhstan’s healthcare was predominantly state-funded under universal healthcare coverage, offering limited publicly funded services and relying heavily on out-of-pocket payments due to underfunding (18). Inadequate state funding and inefficient strictly centralized management structure led to poor quality and inaccessibility of medical services (19, 20). The CSHIS aimed to enhance healthcare quality and accessibility by reforming funding principles and increasing state healthcare financing (21). The system’s implementation resulted in a more than 2.5-fold increase in healthcare sector funding over three years, from approximately 1 trillion KZT in 2019 to over 2.5 trillion KZT in 2023 (22).

According to Kazakhstan’s public health and healthcare legislation, pregnant women, children, and women with children under one year of age were entitled to a guaranteed volume of free medical care under universal health coverage even before the introduction of the CSHIS in 2020 (23). However, limited healthcare funding led to high out-of-pocket costs, affecting accessibility and affordability of healthcare services (23). The WHO report on sexual, reproductive, maternal, newborn, child, and adolescent health showed that out-of-pocket spending accounted for 36% of total health expenditures in 2016, exceeding the WHO estimate of 20% or lower for adequate financial protection (18). By 2020, this out-of-pocket spending had decreased to 33.8% (21).

Abrokwah et al. have previously hypothesized that the introduction of social health insurance, analogous to a positive income shock, may influence fertility rates by reducing childbirth and pediatric healthcare expenses (24). After the rollout of the national health insurance program in Ghana, the authors found a pro-cyclical fertility effect at the individual level (24). However, no studies have examined the changes in live birth rates following the CSHIS implementation in Kazakhstan.

In this study, we aim to assess the impact of the COVID-19 pandemic and the compulsory social health insurance system implementation on fertility rates in Kazakhstan, focusing on live births from 2019 to 2023, using Interrupted Time Series (ITS) analysis.

ITS analysis is a statistical method used to evaluate the impact of population level interventions that have a specific start date on outcomes measured over time (25). ITS was chosen for this study because it can pinpoint the effect of an intervention at the time of implementation while accounting for overall trends and confounding factors. This approach is particularly valuable for understanding how interventions like the COVID-19 lockdown and the introduction of the CSHIS have influenced fertility patterns in Kazakhstan.



2 Materials and methods


2.1 Data sources

The data for live birth rates in absolute numbers in Kazakhstan were obtained from the official website of the Statistical Committee of the Republic of Kazakhstan (26). This dataset provides monthly live birth counts from January 2019 to December 2023. Monthly data was obtained and combined.

The monthly birth rates, as reported by the Statistical Committee of the Republic of Kazakhstan, account only for infants for whom birth certificates were generated by the Civil Registry Office. Figure 1 presents the monthly live birth dynamics, illustrating an increase in the number of live births in 2020 and 2021, followed by decreases in 2022 and 2023.
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FIGURE 1
 Monthly birth rate in Kazakhstan in absolute numbers (2019–2023).


The monthly number of women of reproductive age (15 to 49 years of age) for the years of 2019 to 2023 were also obtained from the Statistical Committee of the Republic of Kazakhstan website (27). Monthly data was obtained and combined. Figure 2 represents the monthly number of women of reproductive age.
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FIGURE 2
 Monthly number of women of reproductive age (15–49 years).




2.2 Analysis method

We employed the Interrupted Time Series (ITS) analysis to assess the impact of the COVID-19 pandemic and CSHIS reintroduction on fertility rates in Kazakhstan. Interrupted time series analysis is a robust method for evaluating the effects of interventions or external events on time-series data. It allows for the examination of both immediate and gradual changes in the outcome variable following the intervention, in this case, the onset of the pandemic and the CSHIS reintroduction.



2.3 Data preprocessing

We established three variables, namely the “treatment” variable, the “centering” variable and the “CSHIS effect” variable, for the ITS analysis. The “treatment” variable represents the effect date, which was derived from the lockdown declaration date in Kazakhstan on March 19, 2020. This date was adjusted to account for a normal gestation period, resulting in the earliest potential response approximately nine months later, in December 2020. Therefore, the effect date corresponds to December 2020. The “centering” variable quantifies the temporal proximity of each monthly birth rate to the effect date. The “CSHIS effect” variable represents the effect date, which was derived from the CSHIS implementation date in Kazakhstan on January 1st, 2020. This date was adjusted to account for a normal gestation period, resulting in the earliest potential response approximately nine months later, in September 2020. Therefore, the effect date corresponds to September 2020. Consequently, we collected approximately two years of data preceding the anticipated impact of the COVID-19 lockdown. We then compared these trends with nearly three years of post-lockdown data.



2.4 Statistical analysis

All data processing and statistical analyses were performed using RStudio (Version 4.3.2; RStudio, Inc., Boston, MA, United States). Linear regression analysis was conducted using the ‘lm’ function. The unadjusted impact of the COVID-19 lockdown on birth rates in Kazakhstan was calculated based on the “treatment” and “centering” variables only. The impact of the COVID-19 lockdown on birth rates in Kazakhstan, adjusted for the number of fertile women, was calculated based on the “treatment,” “centering” variables, and the number of fertile women. The impact of the COVID-19 lockdown on birth rates in Kazakhstan, adjusted for the CSHIS effect, was calculated based on the “treatment,” “centering” variables, and the “CSHIS effect.” The final model included all variables. The ‘predict’ function, in conjunction with the ‘lm’ function, was employed to estimate live birth rates based on the date of COVID-19 lockdown implementation. The ‘plot’ function was used to create a scatter plot. Notably, all these functions are built into base R and do not require additional packages.




3 Results


3.1 Unadjusted impact of the COVID-19 lockdown on birthrates in Kazakhstan (2019–2023)

The ITS analysis examined the impact of the COVID-19 lockdown announcement date on monthly birth rates in Kazakhstan from January 2019 to December 2023. The unadjusted regression model results are presented in Table 1.



TABLE 1 Unadjusted linear regression model results examining the impact of the COVID-19 lockdown on birthrates in Kazakhstan (2019–2023).
[image: Table1]

The intercept, representing the baseline monthly birth rate when other variables are held constant, was estimated at 32,115.92 (SE = 984.95, p < 0.001). The coefficient for the COVID-19 lockdown effect, indicating the change in the monthly birth rate nine months after the lockdown announcement, was estimated at 5,736.57 (SE = 1,820.47, p < 0.01). This suggests a significant increase in monthly birth rates nine months following the COVID-19 lockdown announcement. Additionally, the coefficient for the centering variable was estimated at −183.84 (SE = 51.11, p = 0.001), indicating a significant decreasing trend in monthly birth rates over time.

Figure 3 presents the visual representation of the interrupted time series (ITS) analysis of monthly birth rates from 2019 to 2023. A significant increase in monthly birth rates is observed precisely at the “lockdown effect” point, which occurs nine months after the lockdown announcement. Following this peak, a downward trend in birth rates is evident.

[image: Figure 3]

FIGURE 3
 COVID-19 lockdown effect on monthly live birth rates in Kazakhstan (2019–2023).




3.2 The impact of the COVID-19 lockdown on birthrates in Kazakhstan adjusted to the number of fertile women

As a second step of the analysis, we adjusted the live birth rates based on the number of women of reproductive age in each month, as presented in Table 2. The intercept, representing the baseline monthly birth rate when other variables are held constant, was estimated at 1,120,000 (SE = 399,000, p < 0.01). The coefficient for the COVID-19 lockdown effect, representing the change in the monthly birth rate nine months after the COVID lockdown announcement, was estimated at 6,110 (SE = 1,730, p < 0.001). This indicates a significant increase in monthly birth rates nine months following the announcement of the COVID lockdown. Additionally, the coefficient for the centering variable was estimated at 432 (SE = 231, p = 0.06), indicating no significant trend in monthly birth rates over time. The coefficient for the number of women of reproductive age was estimated at −0.24 (SE = 0.09, p < 0.01), suggesting a downward trend in monthly live birth rates as the number of fertile women increases.



TABLE 2 Linear regression model results examining the impact of the COVID-19 lockdown on birthrates in Kazakhstan adjusted to the number of fertile women.
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Figure 4 shows the visual representation of the interrupted time series (ITS) analysis of monthly birth rates from 2019 to 2023, adjusted for the number of women of reproductive age. There is a marked decrease in the monthly birth rate starting in January 2020, followed by an increase at the time of the “lockdown effect” nine months after the lockdown announcement, with a fluctuating downward trend afterwards.

[image: Figure 4]

FIGURE 4
 COVID-19 lockdown effect on monthly live birth rates adjusted to the number of fertile women in Kazakhstan (2019–2023).




3.3 The impact of the COVID-19 lockdown on birthrates in Kazakhstan adjusted to the CSHIS effect

As the third step of the analysis, we adjusted the live birth rates for the “insurance effect” nine months after the announcement of the CSHIS, as presented in Table 3. The intercept, representing the baseline monthly birth rate when other variables are held constant, was estimated at 31,043 (SE = 986.7, p < 0.01). The coefficient for the COVID-19 lockdown effect, representing the change in monthly birth rates nine months after the COVID lockdown announcement, was estimated at −555.6 (SE = 2684.4, p = 0.8368). This indicates no significant change in monthly birth rates nine months following the COVID lockdown announcement. Additionally, the coefficient for the centering variable was estimated at −215.7 (SE = 48.9, p < 0.001), suggesting a significant downward trend in monthly birth rates over time. The coefficient for the insurance effect was estimated at 7,938.9 (SE = 2,618.8, p = 0.0037).



TABLE 3 Linear regression model results examining the impact of the COVID-19 lockdown on birthrates in Kazakhstan adjusted to the CSHIS effect.
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Figure 5 shows the visual representation of the ITS analysis of monthly birth rates from 2019 to 2023, adjusted for the CSHIS effect. There is a marked increase in monthly birth rates starting in September 2020, nine months after the implementation of CSHIS, followed by a slight decrease at the time of the “lockdown effect,” with a downward trend afterward.
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FIGURE 5
 COVID-19 lockdown effect on monthly live birth rates adjusted for the CSHIS effect in Kazakhstan (2019–2023).




3.4 The impact of the COVID-19 lockdown on birthrates in Kazakhstan adjusted to the number of fertile women and CSHIS effect

The final model shows monthly adjusted live birth rates considering the “CSHIS effect,” “COVID-19 lockdown effect” and the monthly number of fertile women, as presented in Table 4. The intercept, representing the baseline monthly birth rate when other variables are held constant, was estimated at 969,000 (SE = 381,000, p < 0.01). The coefficient for the COVID-19 lockdown effect, representing the change in monthly birth rates nine months after the COVID lockdown announcement, was estimated at 469 (SE = 2,600, p = 0.8576). This indicates a nonsignificant increase in monthly birth rates nine months following the COVID lockdown announcement. Additionally, the coefficient for the centering variable was estimated at 318 (SE = 222, p = 0.1573), suggesting no significant trend in monthly birth rates over time. The coefficient for the insurance effect was estimated at 7,050 (SE = 2,530, p < 0.01). The coefficient for the effect of the number of women of reproductive age was estimated at −0.204 (SE = 0.0831, p = 0.01).



TABLE 4 Adjusted linear regression model results examining the impact of the COVID-19 lockdown on birthrates in Kazakhstan.
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Figure 6 shows the visual representation of the ITS analysis of monthly birth rates from 2019 to 2023, adjusted for the CSHIS effect and the number of women of reproductive age. There is a marked decrease in monthly birth rates starting in January 2020, followed by an increase exactly nine months after the CSHIS implementation, with a fluctuating downward trend afterward.
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FIGURE 6
 COVID-19 lockdown effect on monthly live birth rates adjusted for the CSHIS effect and the number of fertile women in Kazakhstan (2019–2023).





4 Discussion

The COVID-19 pandemic has profoundly affected global public health, economies, and social dynamics. This study examines its specific impact on fertility rates in Kazakhstan using ITS analysis from 2019 to 2023, revealing significant fluctuations associated with pandemic events and the CSHIS implementation.

The unadjusted ITS analysis highlights a significant immediate effect of the COVID-19 lockdown on birth rates in Kazakhstan, with a notable increase nine months post-announcement. However, no significant long-term trends were detected, suggesting the effect was more immediate than sustained. In an analysis of the COVID-19 impact on birth rates in the United States, conducted by Stout and colleagues, they reported a 14% reduction in the initiation of pregnancy episodes following the societal shutdown due to the COVID-19 pandemic (28). This decline appeared to coincide with a reduction in conceptions following the mandated societal shutdown in March 2020. Similarly, a study conducted in Italy also indicated a decline in birth rates following the COVID-19 pandemic, particularly in three industrial cities (29).

The paramount effect of the COVID-19 lockdown, when analyzed further, was mitigated by the steadily increasing number of fertile women and the CSHIS implementation effect. The implementation of CSHIS in January 2020 significantly impacted fertility rates, leading to a notable increase in births nine months post-implementation. The initial phase of CSHIS introduction started in 2017, with full coverage effective from January 2020 (30). This policy aimed to enhance healthcare access and affordability, likely boosting reproductive confidence among couples. The significant coefficient for the CSHIS effect at 7,050 (SE = 2,530, p < 0.01) after adjusting for the “COVID-19 lockdown effect” and monthly number of fertile women underscores the importance of accessible healthcare services in influencing fertility decisions. CSHIS has the potential to provide continuous, stable funding to the healthcare sector, compared to the unsustainable fees paid by individuals for medical services (31). Additionally, CSHIS offers equitable access to healthcare services among populations with different income levels (31). Both factors play a substantial role in improving patient outcomes, which could explain the positive CSHIS effect on monthly birth rates in the country.

The economic fallout from the COVID-19 pandemic, characterized by job losses, income instability, and reduced economic growth, likely played a crucial role in the observed downward fertility trends following the introduction of the CSHIS. An analysis of the economic repercussions and policy implications of COVID-19 in Kazakhstan reveals that due to the substantial employment share of small-and medium-sized firms in the country, the short-term risk of job loss was enormous (32). Barrafrem et al. (33) conducted a study on people’s perceptions of the future economic situation within their households, the nation, and the world during the COVID-19 outbreak. They found that most individuals believed that their household economy would fare better than the national or global economy, which they explained through a “better-than-average effect.” The authors also highlighted the importance of improving perceived economic opportunities during national crises (33). Another study on Google Trends shows that during the outbreak, searches for boredom, loneliness, worry, and sadness increased, while searches for stress, suicide, and divorce decreased, indicating that the lockdown significantly impacted and shifted people’s mental health (34). In these scenarios, the role of governmental family-friendly policies aimed at supporting high birth rates in the country cannot be overestimated (35).

The “Ansagan Sabi” governmental program, which expanded access to in vitro fertilization procedures under the CSHIS, was launched in 2021 and exemplifies governmental family-friendly policies aimed at supporting birth rates in the country (36). However, our analysis reveals a concerning trend: despite adjustments made for the “lockdown effect,” “insurance effect,” and the growing number of women of reproductive age, live birth rates in Kazakhstan are declining. This downward trend, coupled with our recent health policy analysis identifying gaps in addressing the health needs of fertile women, particularly in predicting and preventing pregnancy-related cardiovascular complications such as gestational diabetes, gestational hypertension, and preeclampsia, underscores the urgent need for policy-level action to address this issue.

The incidence of cardiovascular diseases among women aged 35–54 is rising (37, 38). The unaddressed health needs of fertile women could significantly impact not only live birth rates but also infant health and well-being. In 2015, Yellisinova and coauthors reported that 1,670 per 100,000 children in Kazakhstan were in institutional care, with the country having the highest infant abandonment rate not only among transitional economies of post-Soviet countries but in the world (39). This alarming statistic underscores the importance of targeted healthcare policies. Continuous monitoring and adaptation of healthcare policies are essential to address changing demographic patterns and promote reproductive health (40). Furthermore, Smagulov et al. (41) have also proved a significant association between the crude birth rates in the country and changing climactic, environmental and socio-economic factors.

Strengths of the present analysis: (1) The study utilizes official data from the Statistical Committee of the Republic of Kazakhstan, ensuring reliable and accurate information on live birth rates and the number of women of reproductive age. (2) The use of ITS analysis allows for a detailed examination of both immediate and gradual changes in fertility rates due to the COVID-19 pandemic and the implementation of the CSHIS. (3) By adjusting for the number of women of reproductive age and the effect of CSHIS, the study accounts for significant variables that could influence birth rates, providing a more nuanced understanding of the trends.

Limitations of the study: (1) the study might not account for other factors that could influence fertility rates, such as economic conditions, environmental factors, cultural changes, or other policy interventions. Future studies should consider these additional variables for a more comprehensive analysis. (2) The analysis is based on data up to December 2023. Longer-term data would be beneficial for verifying the sustained impact of the CSHIS on fertility rates. (3) While the study discusses economic instability due to the pandemic, it does not delve deeply into how specific economic policies or changes in employment rates might have influenced fertility decisions. (4) The study assumes that the implementation of CSHIS improved healthcare access and quality uniformly across the population, which may not be the case. Variations in healthcare service delivery and accessibility across different regions and socio-economic groups could also affect birth rates.



5 Conclusion

The implementation of the CSHIS, rather than the announcement of the COVID-19 lockdown, has had a significant positive impact on live birth rates in Kazakhstan. When analyzed alone, the pandemic initially led to fluctuations in birth rates, with a notable increase nine months post-lockdown; however, the long-term trends were not sustained, possibly due to economic instability. The CSHIS implementation, aimed at enhancing healthcare access, positively affected fertility rates when considered alongside the COVID-19 lockdown effect and the number of fertile women, highlighting the importance of accessible healthcare services in reproductive decisions. Despite governmental efforts, live birth rates are steadily declining, potentially due to unaddressed health needs of fertile women and economic challenges. Urgent policy-level actions are needed to address gaps in healthcare services and promote reproductive health. Continuous monitoring and adaptation of policies are crucial to mitigate the impact of changing demographic patterns and ensure sustained support for high birth rates in the country.
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