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ABSTRACT ARTICLE HISTORY
Objective: To evaluate the availability, quality, and delivery of maternal nutrition services Received 1 March 2025

in antenatal clinics across Beijing, focusing on service types, provider qualifications, Revised 2 February 2026
resource adequacy, and barriers to effective service delivery. The study also aims to Accepted 6 February 2026
identify factors influencing service availability and institutional variation and propose a KEYWORDS
framework for improving maternal nutrition care in urban China. Maternal nutrition;
Methods: A cross-sectional study was conducted across 110 antenatal clinics in Beijing, antenatal care; pregnancy;
using structured surveys targeting institutional characteristics, service coverage, health care providers;
personnel qualifications, and service delivery methods, supplemented by qualitative ~ nutrition education; health
insights from open-ended responses. education

Results: Among 104 valid responses, 56% of institutions offered prenatal nutrition

education classes. Provision varied descriptively by facility type (e.g. 12.5% in private

hospitals vs ~55-57% in other facility types), but the facility-type comparison was not

statistically significant (chi-square = 5.72, df = 3, p=0.13). While 76% of institutions

reported having personnel with formal nutrition qualifications, gaps in training and

reliance on non-specialized staff were common. Resource constraints (e.g. space,

equipment, and limited digital support) were frequently reported as barriers. Institutional

respondents reported high perceived patient satisfaction and the presence of feedback

systems, but no patient-level outcomes were measured.

Conclusion: This city-wide institutional survey suggests that maternal nutrition services

in Beijing antenatal clinics are broadly available but heterogeneous in delivery, staffing,

and resources. Observed contrasts across facility types should be interpreted as

descriptive patters rather than confirmed group differences. Future work should evaluate

whether standardization, workforce development, infrastructure strengthening, and

digital support improve service quality and equity, using patient-level and implementation

indicators.

Introduction

Prenatal nutrition support is widely recognized as important for maternal health, but the present
study focuses on institutional service capacity and delivery rather than measuring downstream maternal
or infant outcomes. Nutrition problems during pregnancy can lead to complications such as low or
high birth weight, preterm births, and maternal health problems, all of which can have lasting effects
on both the mother and child [1-3]. As a global healthcare challenge, the integration of effective
nutrition services into routine antenatal care (ANC) is essential. In Beijing, a major healthcare hub
and China’s capital, the issue of maternal nutrition is particularly significant due to its diverse pop-
ulation, socio-economic disparities, and rapid urbanization [4]. Although Beijing has implemented
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various nutrition interventions and policies [5], the delivery of these services often faces challenges
such as inconsistent implementation, variable provider expertise, and resource disparities across dis-
tricts [6]. Unlike previous studies that have focused on low-resource settings where access is the
primary issue [7-9], this study investigates maternal nutrition in Beijing’s high-resource yet
socio-economically stratified urban context, where disparities are shaped by factors beyond mere
resource availability. Existing research has pointed to a lack of targeted interventions to improve
maternal nutrition, particularly in urban settings like Beijing [10-12]. Rapid urbanization, socio-economic
inequalities, and challenges related to healthcare access and quality further complicate the delivery
of adequate nutritional care [13]. Past studies on maternal nutrition services have predominantly
focused on subjective measures such as maternal satisfaction and pregnancy outcomes, particularly
in evaluating prenatal nutrition education (PNE) programs [14,15]. These evaluations often rely on
feedback from pregnant women, assessing their satisfaction with nutrition services and how these
services correlate with pregnancy outcomes like birth weight and complications [16]. However, such
evaluations are typically limited to individual perceptions and health results, rather than taking a
comprehensive approach to assess the overall quality and delivery of nutrition services from an insti-
tutional perspective. Furthermore, most research has concentrated on measuring the knowledge of
pregnant women, often using quantitative methods such as surveys [17]. What remains lacking is a
systematic, institution-wide assessment framework that evaluates the effectiveness and quality of
nutrition services. A clear and comprehensive set of guidelines for evaluating maternal nutrition
education programs is needed, one that not only considers outcomes but also the institutional capacity
to deliver effective services [18].

This study is informed by Donabedian’s structure-process—outcome model and the WHO Health
Systems Framework. By examining the structural characteristics of antenatal clinics, the processes of
service delivery, and perceived adequacy of nutrition services, we position maternal nutrition within
a systems-level evaluation framework. This approach allows us to assess institutional capacity for
delivering standardized nutrition care in urban China.

This study aims to fill this gap by systematically assessing the availability, quality, and delivery of
maternal nutrition services across ANC clinics in Beijing. While previous studies have explored
individual-level experiences or provider perceptions in isolation, our study offers a systematic, city-wide
mapping of service availability, provider qualifications, and delivery mechanisms across both public
and private antenatal clinics in a high-resource, urban setting. Rather than claiming novelty in
addressing institutional perspectives per se, our contribution lies in the comprehensiveness and gran-
ularity of institutional analysis within a metropolitan healthcare system like Beijing. While primarily
quantitative, the study also incorporates qualitative insights from open-ended responses to highlight
frontline institutional perspectives. It seeks to map existing services such as nutrition counseling,
assessments, and education programs while evaluating their coverage, effectiveness, and alignment
with clinical standards. The research also investigates key factors affecting service quality, including
healthcare infrastructure, provider training, and program design, while identifying barriers such as
resource constraints and enablers like supportive policies and well-trained staff. A key objective is to
develop a comprehensive evaluation framework for maternal nutrition services, addressing both service
outcomes and institutional capacity. The study will propose evidence-based strategies to enhance
nutrition interventions, provider training, and resource allocation, ultimately improving maternal and
child health outcomes. Beijing’s unique socio-economic and healthcare context provides a dynamic
setting for addressing critical gaps in urban maternal nutrition care. Findings from this study will
guide policy reforms and inform stakeholders, including government agencies, NGOs, and public
health institutions on designing targeted maternal nutrition programs and optimizing resource use.
By addressing disparities in service delivery and proposing practical strategies, this research aims to
improve maternal nutrition care in Beijing and other urban settings in China, contributing to better
health outcomes for mothers and children.

This study is guided by Donabedian’s structure-process—outcome (SPO) model and the WHO
health system building blocks. We operationalized structure as infrastructure, equipment and workforce
(qualifications/training); process as service delivery (nutrition classes, counseling frequency, curriculum
scope) and information systems (digital tools); and outcomes as institution-level perceived performance
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indicators (e.g. internal satisfaction summaries), not patient outcomes. WHO workforce, service
delivery, and information systems map respectively to our staffing, class/counseling delivery, and IT
domains; medical products/technologies map to equipment. We organize our Results and interpret
our Discussion through these constructs.

Methods
Framework mapping

Survey domains were mapped to SPO/WHO as follows: Structure (workforce qualifications/training;
infrastructure/equipment); Process (class availability, content breadth, counseling frequency; digital
tools); Outcomes (institution-reported perceptions only; no validated patient outcomes). A summary
mapping is provided in Supplementary Table S1.

Study design

A cross-sectional study was conducted to evaluate the availability, quality, and delivery of maternal
nutrition services in antenatal clinics across Beijing, China. Data was collected via a structured ques-
tionnaire distributed to 110 obstetric institutions across the city. The survey sought to assess facility
characteristics, service coverage, personnel qualifications on the delivery of maternal nutrition services.
This manuscript adheres to the STROBE guidelines for cross-sectional studies. A completed STROBE
checklist is provided in Supplementary File 2.

Sample and data collection

Data collection was carried out across 110 obstetric institutions in Beijing. The sample included
a mix of public and private healthcare facilities across the city’s 16 districts. Institutional repre-
sentatives (e.g. obstetricians, nurses, or administrators) completed the questionnaire on behalf of
their clinic as part of the routine institutional evaluation. Out of 110 distributed questionnaires,
106 institutions responded, and 104 valid responses were collected, yielding a response rate of
98.11%. Two institutions did not provide any responses, and four institutions submitted partial
responses. The final dataset represented a diverse range of antenatal clinics across Beijing, with
respondents from both urban and suburban areas, ensuring a comprehensive assessment of service
delivery.

Questionnaire content

The questionnaire was designed to collect both quantitative and qualitative data on several dimen-
sions of maternal nutrition services, including questions on institutional characteristics, the availability
of prenatal nutrition classes, healthcare personnel qualifications, service frequency, and the use of
digital tools for managing maternal nutrition services. A combination of both closed-ended and
open-ended questions allowed for quantitative analysis and qualitative insights [1]: Facility
Characteristics: Information was gathered about the type of healthcare facility, infrastructure, the
availability of nutrition-related resources (e.g. educational materials, dietary supplements), and the
clinic environment [2]. Service Coverage: The survey assessed the range of maternal nutrition ser-
vices offered at the clinic, including nutrition counseling, nutritional assessments, and prenatal
nutrition education programs [3]. Personnel Qualifications: This section captured data on the
qualifications of healthcare providers, including training, certifications, professional roles, and the
frequency of professional development in maternal nutrition [4]. Service Delivery: The questionnaire
also inquired about the frequency and consistency of service offerings, such as the delivery of nutri-
tion classes and counseling sessions, and the use of digital tools or resources to support nutrition
service delivery.
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Data Collection procedure

Data was collected using a combination of on-site survey distribution and electronic submission for
healthcare providers in remote or under-resourced areas. In-person surveys were administered directly
to healthcare providers in the participating clinics, while electronic surveys were made available to
respondents in institutions that preferred digital submission. Data on patient satisfaction were not
collected directly from pregnant women. Instead, institutional respondents were asked to report on
perceived patient satisfaction based on internal evaluations or routine feedback systems within their
clinics. To ensure a representative sample from various districts, data collection spanned three months,
from July to September 2024, allowing for adequate time to reach a broad cross-section of healthcare
facilities. The survey instrument was designed collaboratively by the research team and public health
officials from the municipal health bureau, drawing on national guidelines for maternal nutrition
services and previous institutional assessment tools. It included both structured and open-ended
questions covering five domains: service availability, staffing, content and delivery of nutrition edu-
cation, digital infrastructure, and perceived barriers. The questionnaire was pilot-tested in two antenatal
clinics for clarity and relevance, with minor revisions made accordingly, such as changes to some
wording. The revised questionnaire consists of 2 parts, namely service coverage (including 8 items)
and staffing (including 5 items). Three subject-matter experts (obstetrics, nutrition, public health)
reviewed item relevance using a 4-point scale (mean CVI = 0.89). The draft questionnaire also
underwent content validation through adaptation from municipal service evaluation tools and national
maternal nutrition guidelines. It was piloted in two antenatal clinics (n=12 institutional respondents).
Based on feedback, items on digital tool use and service barriers were clarified. Cronbach’s alpha was
calculated for two multi-item domains, yielding values of 0.78 (service coverage) and 0.81 (staffing
adequacy), indicating acceptable reliability. No items were removed following pilot testing, and all
item-total correlations exceeded 0.40, indicating satisfactory convergent validity. A copy of the full
questionnaire is provided as Supplementary File 1.

The municipal health bureau conducts an ongoing, city-wide institutional evaluation program that
annually collects standardized data on antenatal service capacity, staffing, and infrastructure across
Beijing. Our project was embedded in this established evaluation framework and therefore operated
under the same annual ethical oversight process. For research purposes, a brief supplementary module
(barriers, digital tool use, and open-ended prompts) was added to the existing evaluation form. The
study was reviewed and approved under the continuing ethics review mechanism of the Peking Union
Medical College Hospital Institutional Review Board (Approval No. I-25PJ1827), which covers the
ongoing series of institutional assessment studies. This approval reconfirmed that the project involves
minimal risk and analyzes only institutional-level data collected within a public health service eval-
uation. Institutional representatives (department heads or senior clinicians) completed the questionnaire
in their professional capacity; no patient data or identifiable personal information were involved.
Participation was voluntary, and returning the questionnaire indicated implied consent. Facilities
included tertiary, general, specialty/MCH, and private institutions providing ANC; community clinics
without ANC and non-obstetric departments were excluded.

Data analysis

Given the descriptive design and sample size constraints, we present primarily descriptive statistics
(frequencies, percentages) with limited inferential testing. Descriptive statistics were used to summarize
the characteristics of the institutions, including the distribution of nutrition services and the qualifi-
cations of healthcare personnel. Frequency distributions, means, and percentages were calculated for
categorical and continuous variables. Chi-square or Fisher’s exact tests were used for selected com-
parisons; effect sizes (Cramér’s V or odds ratios with 95% confidence intervals) are reported where
appropriate to indicate magnitude, however, non-significant findings preclude inferential interpretation.
We used a two-sided a=0.05 without multiplicity adjustments, and treat inferential outputs as explor-
atory. Open-ended responses were analyzed thematically to provide supplementary insights into insti-
tutional experiences. Two researchers independently reviewed all textual responses and performed
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initial inductive coding. A preliminary code list was iteratively refined through discussion until
consensus was reached. Three major thematic categories emerged [1]: infrastructure and resource
constraints [2], personnel qualifications and training gaps, and [3] enabling factors such as leadership
support and innovative service delivery models. To enhance reliability, approximately 20% of responses
were double-coded, yielding over 80% agreement between coders. Disagreements were resolved through
consensus discussion; when consensus could not be reached, a senior team member adjudicated. The
coding framework was iteratively refined during early coding rounds before being applied to the full
dataset. Data saturation was considered achieved when no new categories emerged from the last five
responses. Representative quotations were selected to illustrate these themes, not as frequency counts.

Results
Structure: Workforce and infrastructure

Clinic characteristics and service coverage & delivery

The survey results, drawn from 104 valid responses across various healthcare institutions in Beijing,
underscore the heterogeneity in the provision of prenatal nutrition services. In addition to structured
survey results, a small number of open-ended responses provided useful context to interpret institu-
tional differences. While not subjected to formal coding, these remarks helped surface concerns related
to staffing, space, and service delivery constraints. This service was predominantly provided by tertiary
hospitals and maternal and child health centers, which are generally better resourced. Descriptively,
the proportion of institutions offering prenatal nutrition classes differed across facility types (e.g. 12.5%
vs ~57%). However, the facility-type comparison did not reach statistical significance (p=0.13), so
these contrasts should be treated as exploratory patters rather than evidence of systematic disparities.
All institutions surveyed reported having designated prenatal nutrition clinics'. Of these, 87% consid-
ered the facilities adequate for daily operations, reflecting generally positive infrastructure. However,
some institutions, due to limitations such as inadequate space (12%), outdated equipment (8%), and
other factors, had not established dedicated prenatal nutrition clinics. These institutions instead relied
on nutrition education courses and established referral mechanisms with higher-tier medical institu-
tions’ nutrition departments to provide prenatal nutrition management services to pregnant women
in need. The infrastructure gaps, such as limited space and aging equipment, have restricted the ability
to conduct hands-on prenatal nutrition classes. These gaps highlight a need for investment in both
physical and technological resources to ensure that the facilities can meet the growing demand for
maternal nutrition services and keep up with evolving best practices (see Table 1). Chi-square tests
were conducted to compare the provision of maternal nutrition services across facility types (tertiary,
general, specialty/MCH centers, private). Cramér’s V is provided only to indicate magnitude; however,
non-significant findings preclude inferential interpretation. Fisher’s exact test was used where expected
cell counts were <5. A significance threshold of p<0.05 was applied. As shown in Table 1, the pro-
vision of prenatal nutrition education ranged from 12.5% in private institutions (95% CI: 2.2-47.1%)
to over 55% in tertiary, general, and specialty hospitals. No statistically significant differences were
detected across facility types (x* = 5.72, df = 3, p=0.13). Therefore, no group differences were inferred.
Descriptive percentages are presented as exploratory patterns only. In terms of equipment, computers,
weighing scales, food models, food pyramid models, food exchange portion models, and bulletin
boards are standard configurations for most prenatal nutrition clinics, supporting daily nutrition

Table 1. Provision of prenatal nutrition education across facility types with 95% confidence intervals and chi-square
test results.

Facility type Total (N) Offered (n) Percentages (n/N) Proportion 95% Cl (Lower)  95% CI (Upper)
Tertiary 35 20 57.14% 0.571 0.409 0.720
General 40 22 55% 0.550 0.398 0.693
Specialty/MCH 21 12 57.14% 0.571 0.365 0.755
Private 8 1 12.5% 0.125 0.022 0.471

*Chi-square test: x? = 5.72, df = 3, p=0.13.
*Descriptive results are presented as exploratory patterns.
*Percentages (n/N) are shown; error bars represent + 1 SE.
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guidance and health education activities. However, only 20 institutions had equipped their prenatal
nutrition clinics with body composition analyzers, indicating that there is still room for improvement
in the provision of precise nutritional assessments during pregnancy. This infrastructure gap has made
it difficult for some institutions to conduct group nutrition sessions. As one respondent described,
“We only have one shared classroom, so nutrition classes are often cancelled if other departments need
the space” Another agreed, stating that “the lack of a dedicated teaching room makes group sessions
difficult” even though basic infrastructure needs were otherwise met.

Healthcare personnel qualifications and training
The personnel composition within prenatal nutrition services reveals a critical area for improvement.
While a majority of institutions employed obstetricians (56 institutions), nutritionists (35 institutions),
and nurses (38 institutions) in their nutrition education programs, the overall availability of qualified
nutrition professionals was limited. On average, institutions employed 2.3 full-time and 1.8 part-time
nutrition counselors, which suggests that while the workforce is relatively stable, many institutions
had fewer than three dedicated nutrition staff members (24%). The absence of full-time, specialized
nutrition professionals in certain institutions may result in suboptimal delivery of prenatal nutrition
education, particularly in areas where nutrition counseling is essential for managing pregnancy-related
conditions such as gestational diabetes or anemia. Furthermore, the qualification of healthcare pro-
viders in nutrition was a major concern. Only 76% of institutions reported that their personnel had
formal qualifications in nutrition (e.g. degree or certification in nutrition science, dietetics, or public
health nutrition). The lack of specialized nutrition training among healthcare providers, particularly
in obstetric and nursing staff, may compromise the quality of nutrition counseling provided to preg-
nant women (see Figure 1). Regular internal training was reported by 60% of institutions, but only
40% participated in external certification programs. This suggests a significant gap in the professional
development of staff, which could limit their ability to stay current with the latest research and best
practices in maternal nutrition care. The lack of specialized nutrition training among healthcare
providers may compromise the quality of counseling. The shortage of dual-trained personnel was
noted by several institutions. One explained, “None of our current staff have dual training in nutrition
and patient education. We rely on general nurses,” while another added, “Our obstetricians are too
overloaded to also serve as regular nutrition educators.”

Reported barriers such as staffing shortages and infrastructure constraints were derived from open-ended
responses and are presented as respondent-attributed explanations rather than author-inferred causes.

Process: Service delivery and information systems

Prenatal nutrition education class availability and content
The variability in prenatal nutrition education class availability and content across institutions under-
scores the fragmented nature of nutrition services. While 56% of institutions (58 institutions) offered

Healthcare Providers Involved in Prenatal

Nutrition Education
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Figure 1. Healthcare providers involved in prenatal nutrition education.
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prenatal nutrition education classes, the range and depth of content varied widely. The classes covered
essential topics, such as gestational weight management (56 institutions), gestational diabetes man-
agement (54 institutions), and anemia management (44 institutions). However, the curriculum’s
inconsistency presents a challenge. Some institutions offered comprehensive classes covering all rec-
ommended nutrition topics, while others focused on a limited number of issues, failing to address
the full spectrum of nutritional needs outlined in national guidelines.

This inconsistency in content delivery reflects a significant gap in the standardization of prenatal
nutrition education. While pregnant women generally expressed high satisfaction with the courses (over
95%), the frequency and accessibility of these classes varied significantly. Some institutions offered classes
only once a month, limiting pregnant women’s opportunities to access education. Additionally, there
were reports that many classes were only available during weekdays, which posed barriers for women
working or living in rural areas. The lack of evening or weekend sessions points to a broader issue of
accessibility, particularly for women in lower socio-economic groups who may have limited flexibility
in their schedules. This uneven availability underscores the need for more flexible delivery models, such
as digital health interventions or more frequent class offerings (see Figure 2). This inconsistency, driven
largely by staffing limitations and the absence of a standardized curriculum, presents a major challenge
to ensuring equitable and effective care. As one institution noted, “We only offer one class per month,
and the topics are chosen based on staff availability, not patient needs” Another remarked, “There is no
unified curriculum, so each instructor teaches what they know best—this causes inconsistency.”

Management of prenatal nutrition clinics and digital health integration
The integration of prenatal nutrition services with obstetrics departments was widely reported, with
most institutions adopting a multi-disciplinary approach to care. Institutions reported that nutrition
services were often integrated with obstetric care and supported by multidisciplinary collaboration.
Respondents also reported perceived improvements in nutrition-related outcomes; these perceptions
are included to reflect routine institutional monitoring but do not constitute validated patient-level
outcomes. While these reports are based on internal institutional assessments and not independently
verified outcome data, they suggest a perceived benefit of structured nutrition services. Accordingly,
statements about impact on pregnancy outcomes are not inferred from these data. However, while
the integration of services has been successful, the use of digital tools to manage and track nutrition
services remains limited. Less than 50% of institutions utilized electronic health records or nutritional
analysis software to monitor and assess prenatal nutrition interventions. The lack of digital tools and
integrated data management systems indicates a missed opportunity to deliver personalized care. As
one provider reported, “We use electronic health records, but we dont have any nutrition-specific
tracking or education tools.” Another echoed, “Data input is still manual. Without proper software, we
can’t track patient nutrition progress over time.”

Moreover, information technology (IT) support has provided a solid foundation for managing prenatal
nutrition programs, though its development remains uneven. While most institutions have implemented

Availability of Maternal Nutrition Services Across
Healthcare Institutions in Beijing

Weight Management
Gestational Diabetes
Anemia
Hypertension

Dyslipidemia (Abnorma
Twin Pregnancy
Preterm Birth

Hyperemesis Gravidarum

Severe Morning Sickness

Figure 2. Prenatal nutrition education class availability and content.
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electronic health record systems for the screening and management of high-risk pregnancies, the appli-
cation of dynamic management and data analytics is still insufficient, with fewer than half of institutions
using these tools effectively. Notably, district-level maternal and child health centers tend to have lower
levels of IT support. For example, some district hospitals can identify high-risk pregnancies but have
not yet implemented dynamic management or assessment functions. Meanwhile, other institutions are
exploring data-driven, refined management models, such as dynamic grouping and patient management
through online platforms. However, the limitations of manual data input continue to affect efficiency.
It is worth noting that some higher-tech institutions are improving their management efficiency by
integrating their systems. For instance, one hospital's HIS (Hospital Information System) supports net-
working across three branches, enabling high-risk screening, dynamic management, and data storage.
Despite these advances, the widespread application of IT support remains in its early stages. Future
development should focus on balancing the application of digital tools across institutions, strengthening
data analysis capabilities, and promoting dynamic management functions to upgrade prenatal nutrition
services comprehensively. As expressed in an open-ended response: “We use electronic health records,
but we don’t have any nutrition-specific tracking or education tools” “Data input is still manual. Without
proper software, we can’t track patient nutrition progress over time.”

Institution-Reported perceptions (non-validated outcomes)

Institutions commonly reported high satisfaction among service users and perceived improvements
in nutrition-related outcomes (e.g. anemia and low birth weight), although these were not inde-
pendently validated. Findings in this domain should therefore be interpreted as institution-reported
perceptions, not as objective outcome measures.

Discussion

This discussion interprets the findings through the Donabedian structure-process—outcome (SPO)
framework and the WHO health-system building blocks. This study provides a comprehensive,
institution-level snapshot of maternal nutrition services in Beijing. Reported services were broadly
available, with heterogeneity in staffing, training opportunities, infrastructure, and digital support. As
patient outcomes and implementation fidelity were not measured, findings should be interpreted as
descriptive evidence of service capacity and delivery patterns.

Principal findings

This study provides important insights into the availability, quality, and delivery of maternal nutrition
services in antenatal clinics across Beijing. The findings reveal significant variability in prenatal
nutrition education coverage and content, gaps in healthcare provider training and qualifications, and
challenges related to infrastructure and resource constraints. While interdisciplinary collaboration and
high patient satisfaction highlight strengths, limited use of digital health tools indicates missed oppor-
tunities for innovation and efficiency in service delivery.

Interpretation of key findings

Variability in service coverage and content

One of the most significant findings of this study is the wide variability in the coverage and content
of prenatal nutrition education across different institutions. While 56% of the institutions offered
prenatal nutrition education classes, the range of topics covered was inconsistent, with some institu-
tions addressing only limited aspects of maternal nutrition, such as gestational weight management
or gestational diabetes, while others failed to provide education on key topics like anemia and dys-
lipidemia. This finding aligns with previous studies that have reported inconsistencies in prenatal
nutrition education, particularly in urban settings [19,20]. observed that many urban hospitals in
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China focus primarily on high-risk pregnancies and neglect to address basic nutritional needs for all
pregnant women, resulting in fragmented service delivery. The lack of a unified curriculum across
institutions in this study reflects the absence of standardized guidelines for maternal nutrition edu-
cation in urban China. This issue has been highlighted in previous research by Nankumbi et al. [9],
who pointed out that while some clinics have integrated nutrition education into routine ANC visits,
the curriculum remains variable, which affects the consistency of care across institutions. Such vari-
ability can lead to disparities in the knowledge and care received by pregnant women, with potentially
detrimental effects on maternal and child health outcomes. We observed descriptive heterogeneity in
service coverage; however, hypothesis testing did not reach statistical significance and the study was
not powered to detect modest between-group differences. Findings should therefore be interpreted
as exploratory and hypothesis-generating. While descriptive trends were observed, private institutions
were less likely to provide prenatal nutrition education. While our study did not directly measure
clinical outcomes, institutional respondents commonly perceived improvements in maternal nutrition
and associated pregnancy indicators, such as reduced rates of anemia and low birth weight, but these
observations lack objective verification. These observations should be interpreted with caution and
verified through future outcome-based research. A national framework for standardizing prenatal
nutrition education should be developed, similar to the guidelines established by the World Health
Organization (WHO) for maternal health services (WHO, 2023) [21]. This framework should include
clear guidelines on the topics to be covered, the frequency of classes, and the duration of each session
to ensure consistency and comprehensiveness.

Gaps in healthcare provider training and qualifications

The study found that a significant number of healthcare providers in Beijing’s antenatal clinics lacked
the specialized qualifications in maternal nutrition. 76% of institutions reported that their personnel had
formal qualifications in nutrition, but many institutions relied heavily on general healthcare providers—
such as obstetricians and nurses—for nutrition counseling, instead of employing specialized nutritionists.
This finding echoes concerns raised by previous studies, such as those by [22,23], who also identified
inadequate training in nutrition among healthcare providers as a key barrier to effective prenatal nutri-
tion education While obstetricians and nurses play essential roles in managing maternal health, their
limited expertise in nutrition can result in suboptimal counseling and a lack of tailored nutrition inter-
ventions. This is particularly concerning given the rising prevalence of gestational diabetes and hyper-
tension in urban populations, where specialized nutrition care is needed to effectively manage these
conditions [24]. In terms of optimal staffing ratios, there is no universal standard for the ideal number
of nutritionists per pregnant woman. However, studies and guidelines suggest that a certain ratio of
specialized professionals is necessary to ensure effective prenatal nutrition education. Research shows
that the involvement of nutritionists can significantly improve maternal dietary behaviors and nutrition
quality. For instance, Rasmussen et al. [25] found that the guidance of professional nutritionists during
pregnancy markedly improved maternal nutrition and weight management. Such interventions often
require nutritionists to have ample time for one-on-one consultations and to provide personalized advice.
According to Beulen’s research [26], when prenatal nutrition interventions are effective, it is recommended
that each nutritionist supports a manageable number of pregnant women to ensure sufficient interaction
and tailored guidance. The reliance on non-specialized staff for delivering nutrition education has been
shown to lead to inconsistent counseling and lack of follow-up, undermining the potential impact of
nutrition services on pregnancy outcomes. It is critical to expand the role of specialized nutritionists in
maternal care and provide continuous professional development for all healthcare providers involved in
nutrition education. Programs similar to those implemented in high-income countries, where multidis-
ciplinary teams are the norm, like the UK’s National Health Service, should be considered to ensure
that all pregnant women receive personalized, evidence-based nutrition counseling.

Infrastructure and resource constraints
Another significant barrier identified in this study was the infrastructure limitations faced by many
institutions, including space constraints and outdated equipment. 12% of institutions reported that
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space limitations hindered their ability to offer nutrition education to larger groups, and 8% cited
the need for modern equipment to better facilitate nutrition counseling. These findings are consistent
with those of previous studies [27,28], which highlighted that resource limitations in urban clinics
often affect the quality and accessibility of public health services. Similar challenges have been
observed in other parts of the world, including in suburban and rural settings, where infrastructure
deficiencies are a key impediment to service delivery [29]. The lack of adequate infrastructure
(defined as availability of space for nutrition counseling and basic equipment such as scales and
projectors), particularly in smaller or private clinics, may contribute to inequalities in service delivery,
as larger hospitals or maternal and child health centers are often better equipped to offer compre-
hensive prenatal nutrition services. These disparities are particularly problematic in low-income
urban areas, where access to quality maternal care may be more limited. Potential areas for strength-
ening service delivery, which could include expanding clinic space, upgrading equipment, and inte-
grating digital tools for nutrition tracking and patient management, similar to models implemented
in developed countries [30], require further evaluation before prescriptive recommendations can
be made.

Digital health integration and data management gaps

A major opportunity for improvement identified in the study was the limited use of digital health
tools to manage and track maternal nutrition services. Less than 50% of institutions utilized electronic
health records or nutritional software to monitor and assess the effectiveness of nutrition interven-
tions. This finding is consistent with the results of similar studies in urban healthcare settings in
China [31], which have emphasized the need for data-driven approaches to improve service delivery
and track patient outcomes more effectively. In contrast, studies from high-income countries have
demonstrated that digital health integration can significantly enhance service delivery and patient
outcomes by providing real-time data for providers and enabling more personalized care. The lack
of such systems in Beijing’s antenatal clinics suggests a missed opportunity to improve both the
quality of care and the efficiency of maternal nutrition services. Digital health tools, such as electronic
health records systems and nutritional tracking software, should be integrated into routine care to
enhance the management and evaluation of maternal nutrition services. By adopting these technol-
ogies, healthcare providers can offer more personalized and effective care while ensuring continuous
monitoring of patient progress.

Clinical implications

The proposed four-pillar framework provides a preliminary conceptual model for improving service
quality, developed from the patterns observed in this institutional survey. Its practical feasibility and
effectiveness remain to be explored through stakeholder consultation, co-design workshops, and pilot
testing. Therefore, the framework should be viewed as a guiding hypothesis rather than prescriptive
policy advice. The findings suggest potential directions for strengthening maternal nutrition services,
such as developing standardized curricula for prenatal nutrition education, enhancing the role of
qualified nutritionists, and improving continuing professional training. Similarly, investment in infra-
structure and digital tools may help improve accessibility and service quality. These insights are
intended to inform future evidence-based initiatives rather than to prescribe specific reforms.

Research implications

Future research should evaluate the impact of standardized nutrition education on maternal and child
health outcomes, particularly in urban settings. Longitudinal studies are needed to assess the long-term
effects of improved services. Exploring the role of digital health tools in enhancing efficiency and
engagement, as well as the influence of socio-economic factors on service access, is crucial. Additionally,
scalable training models for healthcare providers should be investigated to promote widespread adop-
tion of best practices.
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. education to ensure consistent and evidence-based content
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» Expand access to certified training programs and ongoing
f education for nutrition educators, including obstetricians, nurses,
e and dietitians.

* Improve physical space, teaching tools, and clinical equipment to

fenaemd  support interactive education and nutrition counseling.
Investment

» Promote adoption of electronic health records and nutrition
monitoring platforms to track patient progress and support data-

Il informed service delivery.

Figure 3. A preliminary four-pillar synthesis for organizing institutional elements relevant to maternal nutrition service

provision (workforce development, infrastructure support, and digital integration).
*The figure is conceptual and should be interpreted as hypothesis-generating rather than directive.

Strengths and limitations

This study provides a comprehensive, city-wide institutional overview of maternal nutrition service pro-
vision across public and private antenatal clinics in Beijing, capturing trends in service models, stafting,
and infrastructure. However, it did not involve direct engagement with pregnant women or families
during survey development or interpretation; thus, findings reflect institutional perspectives rather than
patient experiences. Several potential sources of bias should be noted. The high response rate (98.1%)
likely reflects the official endorsement of the project by municipal health authorities and its integration
into routine service evaluation, which may have encouraged greater participation from institutions already
engaged in quality improvement. At the same time, this endorsement and the involvement of facility
leadership in completing the survey may have produced social desirability bias, leading respondents to
overstate service adequacy, training coverage, or patient satisfaction and to under-report barriers or
resource gaps. Given the municipal endorsement of this evaluation and the involvement of facility lead-
ership in completing the forms, responses may be subject to social desirability and leadership influence.
Institutional representatives could overstate service availability, workforce readiness, or patient satisfaction
to align with perceived policy priorities or internal performance targets. The likely direction of bias is
overestimation of adequacy and underreporting of constraints, which may attenuate observed differences
across facility types. To mitigate interpretive risk, we (i) frame our findings as descriptive, (ii) avoid
causal language, and (iii) recommend independent audits and direct patient-reported outcomes in future
studies to validate institutional reports. In addition, self-reported institutional data may be limited by
recall errors and internal reporting standards. Generalizability is further constrained by Beijing’s distinctive
healthcare landscape greater investment, advanced infrastructure, and a high density of tertiary hospitals,
which may not reflect less-resourced urban or rural areas. Despite these limitations, the institutional
insights obtained provide a valuable foundation for policy refinement and for designing future evaluations
that incorporate patient and public involvement to enhance validity and inclusivity.

Proposed framework for improving maternal nutrition services

We proposed a framework consisting of four interrelated pillars, which is presented as a structured synthesis
aligned with established health systems concepts (e.g. Donabedian and WHO service capacity domains), to
improve the quality and equity of maternal nutrition services in urban China (See Figure 3). These pillars
should be embedded within institutional planning and supported by municipal and national health policies.

Conclusions

This study provides a comprehensive, institution-level snapshot of maternal nutrition service provision in
Beijing antenatal clinics. Across institutions, services were reported as broadly available, with heterogeneity
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in delivery, staffing, resources, and digital support. Because the study did not measure patient outcomes or
implementation fidelity, findings should be interpreted as descriptive evidence of service capacity and delivery
patters. Further adequately powered studies are needed if inferential comparisons are intended. Future
research should examine how proposed improvement areas can be implemented and whether they influence
service quality, equity, and clinical outcomes alongside implementation measures.

Note

1. In this study, the term “nutrition clinics” includes both standalone units and embedded services within
obstetrics or maternal health departments.
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