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Fetal outcomes and prevalence of abnormal umbilical artery Doppler ultrasound among pregnant women diagnosed with Pregnancy Induced Hypertension at Moshi Municipal
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ABSTRACT 

	[bookmark: _Hlk223165509]
Aims: To determine the fetal outcomes, prevalence and factors associated with abnormal umbilical artery Doppler ultrasound among pregnant women diagnosed with Pregnancy Induced Hypertension in Moshi Municipal.
Study design:  This was hospital based prospective cohort study.
Place and Duration of Study: The study was done at Moshi Municipal involving two primary health facilities and one zonal hospital. The study included patients attended at Antenatal care (ANC) and those who was admitted in wards with diagnosis of pregnancy induced hypertension (PIH) in the duration of seven months.
Methodology: We enrolled 136 pregnant women diagnosed with PIH who were examined for obstetric and umbilical doppler ultrasound. Biometric parameters using gray scale, Doppler waveforms and indices (Resistive index, Pulsatility index, and systolic to diastolic ratio) were analyzed. 116 pregnant women among the patient enrolled in this study meet criteria and were followed for fetal outcome up to one month postnatal. Logistic regression assessed associations between maternal factors and abnormal umbilical artery Doppler ultrasound findings.
 Results: 22.4% of participants delivered newborn with low birth weight, 6.1% had severe birth asphyxia, 6.0% were stillbirths and preterm delivery was observed in 32.8% of participants. The overall prevalence of abnormal umbilical Doppler ultrasound was 47.42%. In this study Absent end-diastolic flow (AEDF) was the prominent abnormal wave pattern which was observed in 11.2% of participants and majority had abnormally elevated Resistive (38.8%). Elevated systolic and diastolic blood pressure levels were statistical significantly associated with abnormal artery Doppler ultrasound findings. 
Conclusion: In this study nearly half (47.42%) of the participants were diagnosed with abnormal umbilical artery doppler ultrasound. Majority of participants were delivered before term and babies were delivered with low birth weight. High blood pressure was significantly associated with abnormal umbilical artery doppler ultrasound. This elicited the effect of blood pressure on fetal hemodynamic hence fetal compromise. Therefore; this study revealed abnormal umbilical artery doppler ultrasound findings were important predictor of adverse fetal outcome among the pregnant women diagnosed with pregnancy induced hypertension. 
.
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1. INTRODUCTION 

Pregnancy induced hypertension (PIH) is defined as  systolic blood pressure 140mmHg or more and diastolic blood pressure of  90mmHg or more with or without proteinuria at gestation age above 20 weeks. (Wang et al., 2021)
In year 2022 CDC reported the prevalence of PIH was 13.0%. This showed the   increase of burden hypertensive disease in pregnancy compared to that recorded 2017(Vannevel, Joshua P Vogel, et al., 2022).
Systemic review and metal analysis study recorded the prevalence of  PIH in SSA was 8%.Study by Wang et al, 2021 recorded 3.2million pregnant women in Eastern Sub- Saharan Africa developed hypertensive disease in pregnancy(Wang et al., 2021).
In Tanzania studies done in Iring, Dar es Salaam and Zanzibar reported the prevalence of PIH was ranging from 13.6% to 26%(Machano and Joho, 2020; Magwe, 2025)
PIH is associated with increase blood flow resistance into the umbilical artery resulting fetal hemodynamic compromise. Increased umbilical artery flow resistance results in aberration of umbilical artery flow which is diagnosed with umbilical artery doppler ultrasound. 
Umbilical doppler ultrasound is non-invasive procedure used for fetal wellbeing survey. Normal umbilical artery flow pattern is characterized with low impedance blood flow characterized by high PSV and EDV with advancement of gestation age. The blood flow is forward in both cardiac cycles(Broady and Zalud, 2016).
Abnormal umbilical artery flow pattern is characterized with elevation of umbilical artery indices, reduction of end-diastolic, absence and reversed diastolic pattern. This condition is associated with placenta dysfunction resulted from obliteration of small arteries in villi and leading to fetal and maternal compromise. fetal complications include IUGR, preterm delivery, low birth weight, Birth asphyxia and stillbirth and maternal complication involves; Eclampsia, abruptio placentae, intrapartum and postpartum hemorrhage and maternal (Rocha et al., 2022)
Study by Say et al reported PIH was the second leading factor contributing to global maternal mortality. In this study PIH contributed 14% of all maternal deaths. SSA was ranked with highest maternal deaths related to hypertensive disorders .(Say et al., 2014)
In 2019 it was approximately 2.0 million stillbirths occurred worldwide with stillbirth rate of 13.9 per 1000 total births globally.(Estimation and Gaigbe-togbe, 2020) 
Globally, 75% of stillbirths occur in Sub-Saharan Africa and Southern Asia. 50% of  stillbirths occurred in  areas with limited health resources.(Estimation and Gaigbe-togbe, 2020)
According to TDHS report of 2022, There was  the decrease of neonatal morality rate to 22 deaths per 1000 live births and infant mortality was estimated to 33deaths/1000 live births (TDHS, 2022), which was still high compared to the SDG goal number 3.2 requiring to end preventable newborn deaths, lowering neonatal mortality at least less than 12 per 1000 live births by 2030(UN DESA, 2023)
Studies done showed among the factors associated with perinatal death, pregnancy induced hypertension was the second leading factor after antepartum hemorrhage(Guideline, 2010; Yadufashije and Samuel, 2017).
PIH is strongly associated with increased umbilical vascular resistance, which leads to alterations in umbilical artery Doppler indices and waveform patterns. These Doppler changes reflect compromised fetal hemodynamics and are often linked to poor fetal outcomes(Rocha et al., 2022). Umbilical artery Doppler ultrasound has been established as a valuable non-invasive tool for predicting perinatal outcomes in high-risk pregnancies.
Studies have done and showed association of abnormal umbilical artery Doppler ultrasound findings and adverse fetal outcomes. In 2021 System Review study showed there were only four studies was done on umbilical artery doppler ultrasound in low-middle income countries(Joshua P. Vogel et al., 2021)  therefore; there is limited evidence based information about maternal and clinical factors contributing to abnormal umbilical doppler ultrasound in Moshi Municipal
Therefore, this study aimed to investigate the prevalence of abnormal umbilical artery Doppler ultrasound findings and identify the maternal and clinical factors associated with abnormal umbilical doppler ultrasound among pregnant women diagnosed with PIH in Moshi Municipal

2.0 methodology 
[bookmark: _Toc202869657]2.1 Study design
[bookmark: _Hlk223466054]A hospital-based prospective cohort study was conducted from August 2024 to May 2025. Pregnant women confirmed with diagnosis of pregnancy-induced hypertension (PIH), as recorded in their Reproductive and Child Health (RCH) Card Number 4, were enrolled in the study. The diagnosis was further verified through blood pressure measurements conducted by the principal investigator and antenatal care staffs by using digital sphygmomanometer.
Ultrasound examinations were performed using a transabdominal approach with Siemen (ACUSON NX3) and Philips ultrasound machines. A same curve linear ultrasound transducer was used for both grayscale and Doppler ultrasound scans. A free loop of the umbilical cord was identified, followed by the application of color Doppler to visualize the umbilical artery. Spectral Doppler was then applied to assess the waveform patterns. Normal waveforms were identified by the presence of both high systolic and diastolic components, while abnormal patterns included absent or reversed end-diastolic flow.
Doppler indices such as Resistance Index (RI), Pulsatility Index (PI), and Systolic/Diastolic (S/D) ratio were automatically calculated using the software integrated into the ultrasound machines. Indices were considered normal if values fell within the 5th to 95th percentile range. The same machines were also used to estimate fetal weight using biometric parameters including Abdominal Circumference (AC), Head Circumference (HC), Biparietal Diameter (BPD), and Femur Length (FL).
All participants diagnosed with PIH and examined two times for both grayscale and Doppler ultrasound were followed through the neonatal period for fetal and postnatal outcomes. Follow-up data were retrieved from the birth registries at the respective health facilities where the women delivered.
[bookmark: _Toc202869658]2.2 Study area
The study was conducted at Pasua Health Center, St. Joseph Hospital, and Kilimanjaro Christian Medical Centre (KCMC), all located within Moshi Municipal. It involved pregnant women diagnosed with pregnancy-induced hypertension (PIH), including those attending Reproductive and Child Health (RCH) clinics and those admitted to obstetric wards.
 Pasua Health Center is a government-owned primary healthcare facility with a bed capacity of 30. It provides antenatal care to approximately 90 pregnant women per month, with 5 to 10 cases diagnosed with PIH. Patients with severe PIH are referred to higher-level facilities, including KCMC. 
St. Joseph Hospital is a faith-based facility with an RCH unit that serves about 100 pregnant women per month and records up to 20 PIH cases monthly. It has a bed capacity of 90 and is staffed by 70 healthcare professionals, including one gynecologist. 
KCMC Hospital is a tertiary zonal referral hospital with a capacity of 630 beds. It serves patients from Kilimanjaro, Arusha, Manyara, Tanga, and other regions of Tanzania. It also functions as a teaching hospital for diploma, undergraduate, and residency programs. These sites were selected for the study due to the sufficient number of PIH cases and the availability of ultrasound equipment necessary for Doppler assessments.
Moshi Municipal is one of the seven councils in the Kilimanjaro Region. It is situated on the lower slopes of Mount Kilimanjaro and covers an area of 63.39 square kilometers, with a population of 221,733. The region’s main economic activities include agriculture, tourism, and trade.
[bookmark: _Toc202869659]2.3 Study population
Pregnant women diagnosed with PIH attending Antenatal Care Clinic and admitted in obstetric wards at Pasua health center, St. Joseph hospital and Kilimanjaro Christian Medical Center. 
[bookmark: _Toc202869660]2.4.0 Eligibility criteria
[bookmark: _Toc202869661]2.4.1. Inclusion criteria
· Pregnant women diagnosed with PIH,
·  Pregnant women with gestation of 28+weeks.
· Pregnant women with singleton fetus. 
· Pregnant women with live fetus.
[bookmark: _Toc202869662]2.4.2 Exclusion criteria.
· Pregnant women with pre-existing hypertension.
· Presence of maternal metabolic and renal diseases.
· Presence of fetal congenital malformation.
· Maternal infections
· Abnormal cord insertion/ Non central cord insertion.
· Pregnant women with alcoholic and drug abuse 
[bookmark: _Toc202869663]2.5.0 Sample size and sampling technique.
[bookmark: _Toc202869664]2.5.1 Sample size 
The sample size of this study was 110. This was estimated based on prevalence of abnormal umbilical artery Doppler ultrasound, calculated using the sample size formula for single proportion and adjusting by adding 10% to account for non-response as shown below   

                                                N = 
Whereby;
 N =Sample size. 
Z = Standard normal deviation of 95% confidential interval.
P =proportion of target population estimated.
e =margin error.
Values.
Z=1.96 (95%confidential interval).
P=7.1% (Vannevel, Joshua P. Vogel, et al., 2022)
e=5% (0.05)
Hence N= (3.8416×0.071) (1-0.071)) ∕ 0.0025.
     N=110
Hence sample size of this study was 110 pregnant women diagnosed with PIH
[bookmark: _Toc202869665]2.5.2 Sampling technique
Purposive sampling technique was used to recruit participants with PIH from the purposely selected three health facilities namely Pasua Health center, St. Joseph Hospital and KCMC. 
These setting was suitable for this study due to easy accessibility of participants and presence of similar ultrasound machines used in this study.
[bookmark: _Toc202869666]2.6.0Variables.
[bookmark: _Toc202869667]2.6.1 Independent variables 
Independent variable in this study was maternal demographic and clinical characteristics, level of facility attended ANC, level of the facility of delivery, systolic and diastolic blood pressure, umbilical artery doppler findings.
[bookmark: _Toc202869668][bookmark: _Toc202852542][bookmark: _Toc202853569][bookmark: _Toc202869669]2.6.2 Dependent variables 
Fetal outcomes and prevalence of abnormal umbilical artery doppler ultrasound.
2.7.0 Data collection tool, methods and procedure
[bookmark: _Toc202869671]2.7.1 Data collection tool
Data was collected using pretested structured proforma with three (3) sections. Section one was the social demographic and clinical characteristics of participants; section two umbilical artery Doppler findings and section three was the fetal outcome. 
[bookmark: _Toc202869672]3.7.2 Data collection methods
Blood pressure was measured in both upper limbs in sitting position at ANC or wards using the digital blood machine. The average reading was recorded in the proforma.
Principal investigator examined the participants with gray scale and Umbilical artery Doppler ultrasound. Fetal weight, Doppler waveform flow pattern and indices were recorded. Images were reviewed by the radiologist.
[bookmark: _Toc202869673]The participants with abnormal doppler ultrasound finding were followed for fetal outcomes up to one week postnatal.
2.8.3 Data collection procedures 
Data collection began with identifying patient diagnosed with PIH. Consent was obtained for ultrasound examination during which fetal biometrics measurement, umbilical artery Doppler ultrasound Doppler waveform and indices were recorded for participants who provided consent.
Participants were then followed up for fetal outcome using birth registry data from respective health facilities where delivery occurred.
[bookmark: _Toc202869675]2.9.0 Data management and analysis
2.9.1 Data management
To ensure the integrity and reliability of the collected data to facilitated accurate analysis and interpretation of findings. Daily quality assurance checks were conducted in the field, including reviewing filled proformas for completeness, accuracy and addressing any mistakes or missing data promptly according to established protocol. Proforma were securely stored while in the field and throughout the entire data processing and analysis phase, safeguarding against loss or tampering.
[bookmark: _Toc202869676]2.9.2 Data analysis 
Descriptive statistics were used to summarize the characteristics of the study participants. Categorical variables such as parity, residence, and Umbilical artery Doppler findings were presented in frequencies and percentages. Continuous variables including gestational age and systolic blood pressure were summarized using means and standard deviations if normally distributed, or medians and interquartile ranges for skewed distributions.
Bivariate logistic regression analysis was performed to examine the association between each independent variable and the outcome variable (abnormal umbilical Doppler ultrasound outcome). Crude odds ratios (ORs), 95% confidence intervals (CIs), and p-values were calculated. Variables with a P-value less than 0.2 in the bivariate analysis were included in the multivariable logistic regression model.
In the multivariable analysis, logistic regression with backward stepwise elimination was employed to identify factors independently associated with abnormal Umbilical artery Doppler outcome. Variables were retained in the final model if they had a p-value less than 0.05. Adjusted odds ratios (AORs) with 95% confidence intervals were reported to quantify the strength of association. Multicollinearity among independent variables was assessed using the Variance Inflation Factor (VIF), and variables with VIF values greater than 10 were considered collinear and were excluded from the model if necessary.
The goodness-of-fit of the final model was assessed using the Hosmer-Lemeshow test, with a p-value greater than 0.05 indicating a good fit. The Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) were used to compare different models and select the best-fitting one.
Finally, the results of the regression analyses were interpreted based on statistical significance and clinical relevance. Findings were presented in tables showing both crude and adjusted odds ratios with corresponding confidence intervals and P-values. 


















3.0 results and discussion

3.1.0 Results
3.1.1. Participants flow chart
136 pregnant women diagnosed with PIH were enrolled in the study. Twelve (12) among of the participant were excluded from the study. 124 of the participants were qualified for follow up for the second ultrasound study two months after the first examination. umbilical artery doppler ultrasound and was followed for fetal outcome at delivery. During the study eight (8) of participant lost follow up. Therefore, analysis was done to 116 pregnant women diagnosed with PIH and underwent gray scale and umbilical artery doppler ultrasound examination.
136 Pregnant women with PIH was enrolled






Six (6) exclude due Diabetes and chronic hypertension
 
Four (4) Excluded due Intrauterine fetal death 





Two (2) excluded due to history of alcohol use during pregnant period




124 pregnant women were qualified for follow up and second ultrasound examination 



 

8 Lost follow up


116 qualified for analysis



Flow chart 1: Participants enrolment flow chart.











3.1.2 Maternal demographic, clinical and Doppler characteristics
A total of 116 pregnant women with PIH were followed for their fetal outcome during prenatal and neonatal of period. The mean age was 26.7 (SD7.285), 81 (69.83%) were aged (15-25) years, 50 (43.10%) were attained primary level of education, 67(57.76%) were unemployed, 102 (87.93%) was attending ANC at primary level of health facility, 64 (55.17%) had primary level of education, 76 (65.52%) was multipara, 82(70.69%) was found with GA group of 34-39 weeks by date, 41 (31.34%) had normal systolic blood pressure,98(84.48%) had normal Doppler flow patten, 83(71.55) had normal S/D ratio, 90(77.59%) had normal PI while 71(61.21%) had normal RI,  91 (79.82%) newborns  had normal APGAR SCORE, 78(67.24%) of newborn had normal north weight. (Table1)
[bookmark: _Toc202853583][bookmark: _Toc202852556][bookmark: _Toc202869683]
Table 1: Maternal, Clinical, and Doppler Characteristics (N = 116)

	Characteristic
	Category
	Frequency (n)
	Percentage (%)

	Maternal Age (years)
	15–25
	81
	69.83

	
	26–35
	18
	15.52

	
	≥36
	17
	14.66

	
	Mean ± SD
	—
	26.74± 7.29

	Education Level
	Primary
	50
	43.10

	
	Secondary
	30
	25.86

	
	Higher
	36
	31.03

	Occupation
	Not Employed
	67
	57.76

	
	Employed
	49
	42.24

	ANC Facility Level
	Primary
	102
	87.93

	
	Tertiary
	14
	12.07

	Delivery Facility Level
	Primary
	64
	55.17

	
	Tertiary
	52
	44.83

	Residence
	Urban
	70
	60.34

	
	Rural
	46
	39.66

	Parity
	Primipara
	40
	34.48

	
	Multipara
	76
	65.52

	
	Mean ± SD
	—
	2.21 ± 1.28

	Gestational Age (weeks)
	28–33
	31
	26.72

	
	34–39
	82
	70.69

	
	≥40
	3
	2.59

	
	Mean ± SD
	—
	34.84 ± 3.12

	Fetal Weight (Ultrasound)
	Appropriate for GA (AGA)
	109
	93.97

	
	Small for GA (SGA)
	7
	6.03

	Gestational Age (Ultrasound)
	28–32
	27
	23.28

	
	33–36
	44
	37.93

	
	≥37
	45
	38.79

	Birth Weight
	Normal
	78
	67.24

	
	Low Birth Weight (LBW)
	26
	22.41

	
	Very Low Birth Weight (VLBW)
	12
	10.34

	Fetal status at delivery
	Live Birth
	108
	93.10

	
	Fresh Stillbirth
	4
	3.45

	
	Macerated Stillbirth
	3
	2.58

	
	Postnatal Death
	1
	0.86

	Systolic Blood Pressure
	Normal
	41
	35.34

	
	Mild High
	34
	29.31

	
	Moderate High
	17
	14.66

	
	Severe
	24
	20.69

	Diastolic Blood Pressure
	Normal
	79
	68.10

	
	Mild High
	9
	7.76

	
	Moderate High
	20
	17.24

	
	Severe
	8
	6.90

	[bookmark: _Hlk202204158]Apgar Score at 5 Minutes
	Normal (>7)
	91
	79.8

	
	Moderate Asphyxia (4–6)
	16
	14.1

	
	Severe Asphyxia (<3)
	7
	6.1

	Doppler Flow Pattern
	Normal
	98
	84.48

	
	AEDF
	13
	11.21

	
	REDF
	5
	4.31

	Doppler indices
S/D Ratio
	
Normal
	
83
	
71.55

	
	Abnormal
	33
	28.45

	Pulsatility Index
	Normal
	90
	77.59

	
	Abnormal
	26
	22.41

	Resistive Index
	Normal
	71
	61.21

	
	Abnormal
	45
	38.79

	Delivery GA
	Term
	78
	67.2

	
	Preterm
	38
	32.8


GA=Gestation age, SD=Standard deviation, ANC=Antenatal Care Clinic



3.1.3 Prevalence of abnormal umbilical artery Doppler ultrasound
Overall prevalence of abnormal umbilical artery Doppler ultrasound was 47.42% (Figure 1)

[bookmark: _Toc202852558][bookmark: _Toc202853585][bookmark: _Toc202869685]Figure1. Prevalence of abnormal umbilical artery Doppler ultrasound.

[bookmark: _Toc202869686]









3.1.4. Factors associated with abnormal umbilical artery Doppler ultrasound among women diagnosed with PIH.
In crude analysis there was association of maternal age group and abnormal umbilical artery doppler ultrasound; this was observed in maternal age groups 25-35 COR=0.928, P=0.029, CI= (0.482-3.758). Also, age group above 36year COR= 0.928, P=0.039, CI= (0.198-1.74)
There was also association of blood pressure and abnormal umbilical artery doppler ultrasound. This was observed in moderate systolic blood pressure with COR= 1.302, P= 0.047 CI=0.047-0.419, severe systolic blood pressure with COR =1.368, P=0.033, CI= 0.534-0.498. Moderate diastolic blood pressure with COR=1.402, P=0.041, CI= 0.081-1.325 and severe systolic blood pressure with COR= 2.456, P=0.034, CI= 1.09-2.578 (Table 2.)
In adjusted (Multivariable) Logistic Regression Analysis of Factors Associated with Abnormal Umbilical Artery Doppler Ultrasound among Women Diagnosed with Elevated blood pressure was strongly and independently associated with abnormal umbilical artery Doppler ultrasound findings. Participants with moderate systolic hypertension (AOR = 1.572; P = 0.047) and those with severe systolic hypertension (AOR = 1.759; P = 0.034) showed a statistically significant association with abnormal Doppler indices, indicating a dose-response relationship. Similarly, elevated diastolic blood pressure was significantly associated with abnormal Doppler results, particularly at moderate (AOR = 1.627; P = 0.038) and severe levels (AOR = 1.909; p = 0.021). However, there was no significant association between maternal age and abnormal Doppler findings; notably, participants aged above 36 years showed no statistical relationship with Doppler abnormalities (AOR = 0.253; P = 0.09) (Table 3)

[bookmark: _Toc202853587][bookmark: _Toc202869687][bookmark: _Toc202852560][bookmark: _Hlk223174396]Table 2 Crude (Bivariate) Analysis by logistic Regression of Factors Associated with Abnormal Umbilical Artery Doppler Ultrasound among Women Diagnosed with PIH.
	Variable 
	COR
	P-value
	95% CI 

	Education 
	
	
	
	

	Higher
	1
	
	
	

	Secondary
	0.213
	0.170
	0.023
	1.940

	Primary
	1.957
	0.251
	0.622
	6.159

	Occupation
	
	
	
	

	Employed 
	1
	
	
	

	Unemployed 
	1.373
	0.401
	0.654
	2.882

	Maternal age 
	
	
	
	

	15-25
	1
	
	
	

	25-35
	1.346
	0.029
	0.482
	3.758

	Above 36
	0.928
	0.039
	0.198
	1.740

	Level of facility of delivery 
	
	
	
	

	Tertiary
	1
	
	
	

	Primary
	1.451
	0.332
	0.694
	3.032


	Level of facility attended ANC
	
	
	
	

	Tertiary
	1
	
	
	

	Primary
	0400
	0.142
	0.117
	1.358

	Residence
	
	
	
	

	Urban 
	1
	
	
	

	Rural 
	1.187
	0.651
	0.563
	2.501

	
Parity
	
	
	
	

	Primipara
	1
	
	
	

	Multipara
	1.159
	0.38
	0.537
	2.500

	
Gestation age by date 
	
	
	
	


	Below 34
	1
	
	
	

	34-39
	0.565
	0.181
	0.244
	1.303

	Above 40
	0.361
	0.425
	0.029
	4.417

	Fetal weight by ultrasound 
	
	
	
	

	AGA
	1
	
	
	

	SGA
	1.516
	0.539
	0.323
	7.097

	Gestation age by ultrasound 
	
	
	
	

	28-32
	1
	
	
	

	33-36
	0.314
	0.024
	0.115
	0.859

	Above 37
	0.400
	0.071
	0.148
	1.079

	Systolic blood Pressure 
	
	
	
	

	Normal
	1
	
	
	

	Mild 
	0.810
	0.654
	0.654
	0.32

	Moderate high
	1.302
	0.047
	0.647
	0.419

	Severe
	1.368
	0.033
	0.534
	0.498

	Diastolic blood pressure
	
	
	
	

	Normal
	1
	
	
	

	Mild high
	0.539
	0.506
	0.125
	2.310

	Moderate high
	1.462
	0.041
	0.081
	1.325

	Severe 
	2.456
	0.034
	1.910
	2.578


COR=Crude Odd Ratio, P=P-value, CI=Confidence interval

[bookmark: _Hlk223174348][bookmark: _Hlk223174552]Table 3: Adjusted (Multivariable) Logistic Regression Analysis of Factors Associated with Abnormal Umbilical Artery Doppler Ultrasound among Women Diagnosed with PIH
	Variable 
	AOR
	P-Value 
	95%Conf. Interval

	Parity
	
	
	

	Primipara
	1
	
	

	Multipara
	2.577
	0.093
	0.852 – 7.789

	Maternal age 
	
	
	

	15-25
	1
	
	

	25-35
	1.065
	0.919
	0.311-3.641

	above 36
	0.253
	0.090
	0.051- 1.237

	Gestation age by date in weeks 
	
	
	

	28-32
	1
	
	

	33-36
	0.254
	0.116
	0.046- 1.401

	above 37
	0.419
	0.382
	0.059- 2.944

	
	
	
	

	Gestation age by ultrasound 
	
	
	

	28-32
	1
	
	

	33-36
	0.280
	0.066
	0.052-1.495

	Above 37
	1.026
	0.056
	0.074-3.275

	Weight by ultrasound
	
	

	AGA
	1
	
	

	SGA
	0.786
	0.815
	0.106 -5.834

	Systolic blood pressure
	
	
	

	Normal
	1 
	
	

	mild high systolic
	1.005
	0.992
	0.355-2.838

	moderate high systolic
	1.572
	0.047
	0.119- 2.734

	severe systolic
	1.759
	0.034
	0.167- 3.452

	Diastolic blood pressure 
	
	
	

	Normal
	1 
	
	

	mild high diastolic
	1.418
	0.331
	(0.072- 2.427

	moderate high diastolic
	1.627
	0.038
	(0.159-2.467)

	sever diastolic
	1.909
	0.021
	(0.089-2.890


AOR=Adjusted Odds Ratio, P-Value, CI=Confidence interval.



3.1.5 Outcome of fetus of women diagnosed with PIH and examined of umbilical artery Doppler ultrasound in Moshi Municipal.
In this study, 22.4% of fetuses were classified as having low birth weight, 10.3% had very low birth weight, and 0.3% were categorized as extremely low birth weight. Regarding fetal outcomes at delivery, 3.5% were fresh stillbirths, 2.6% were macerated stillbirths, and 0.9% experienced postnatal death. Additionally, APGAR score assessments revealed that 14.0% of neonates had moderate birth asphyxia, while 6.1% experienced severe birth asphyxia (Figure 2)


Figure 2: Fetal outcomes

[bookmark: _Toc202869693]3.2.0 DISCUSSION
[bookmark: _Toc202869694]3.2.1. Demographic and clinical characteristics of pregnant women diagnosed with PIH at Moshi Municipal.
This was an analytical prospective cohort study involving pregnant women diagnosed with pregnancy-induced hypertension (PIH) and carrying singleton intrauterine fetuses from a gestational age of 28 weeks. All participants underwent umbilical artery Doppler ultrasound examinations within Moshi Municipal between August 2024 and May 2025.
 A total of 116 pregnant women with confirmed PIH were enrolled for followed up for their fetal outcome one month postnatal. The mean maternal age was 26.7 years (SD ± 7.285), with 81 (69.83%) aged between 15 and 25 years. Fifty participants (43.10%) had attained primary-level education, and 67 (57.76%) were unemployed. The majority, 102 participants (87.93%), attended antenatal care (ANC) at primary-level health facilities. Sixty-four (55.17%) delivered at primary-level facilities. Regarding parity, 76 women (65.52%) were multiparous. Based on gestational age by date, 82 participants (70.69%) fell within the 34–39 weeks group. In terms of blood pressure, 41 (31.34%) had normal systolic readings, while 79 (68.10%) had normal diastolic measurements. Additionally, 70 participants (60.34%) resided in urban areas
[bookmark: _Toc202869695]
3.2.2. Prevalence of abnormal umbilical artery Doppler ultrasound among women diagnosed with PIH at Moshi Municipal.
This prospective cohort study involved 116 pregnant women diagnosed with PIH and found with abnormal umbilical artery doppler ultrasound findings. The overall prevalence of abnormal umbilical artery Doppler ultrasound in this study was 47.42%. The finding from this study was comparable to study in Uganda (31.6%) (Gimei et al., 2017). This findings were contrasted  to study done in Nigeria (Mamah et al., 2023) and study in India (74%) (Sumathi, Rodrigo and Rodrigo, 2019).  Findings in our study was low; this disparity may be explained with study population characteristics and different ethnicity. Finding in this study was higher to study done in Jos (17.4%)(Sj et al. 2022) and in Uganda (10.9%)(Komuhangi, Byanyima and Nakisige, 2013). This difference may be attributed by different participants risk factors whereby in their studies they considered multiple risk factors including chronic hypertension and sickle cell disease.
[bookmark: _Hlk201681933]Regarding AEDF, in this study AEDF was found in 11.21% of participants. This was comparable to study by Sumathi and Rodrigo 2019 (13% (R. and Rodrigo, 2019), Study In Nepal (5.7%) (Merina and Ramesh, 2019) and Study in Uganda (7.7%)(Komuhangi, Byanyima and Nakisige, 2013)
This was contrasted to study done in Australia (68%) (Joshua P Vogel et al., 2021), and in India (42%)(Rai and Lekshmi, 2010). Findings in our study was low. This could be explained by difference in study participant characteristics where by in study by Lekshmi majority of participants was primigravida at GA<34 weeks. 
Regarding REDF, it was observed in 4.11% of study participants. This was comparable to study done in Uganda (4.5%)(Gimei et al., 2017), in India 2% (L. and Bhattacharjee, 2018) in Nigeria 8%(Irowa, Hameed, et al., 2023)  This was contrasted to study done in Guru( 20%)(Agarwal et al., 2017), Study in India  (Sumathi, Rodrigo and Rodrigo, 2019). Findings in our study was low. The difference may be contributed with different study population whereby in study by Agrwal included participants at gestation age of 24 weeks with suspected intrauterine growth restriction. Also study done in India by Sumathi and Rodrigo enrolled participants with other medical comorbid such as diabetes which have synergistic effect on vascular atherosclerosis.   
In our study abnormal elevated RI was found in 38.79% of participants. This comparable to study done in Uganda (25.8%)(Gimei et al., 2017),  The findings in our study was contrasted to study done by Nagar  54.5%(Nagar et al., 2015), Study by Syed 80% (Syed et al., 2014) and study in Nigeria 58.9%(Syed et al., 2014) (Mamah et al., 2023). The finding in our study was low compared other studies which can be explained by limited sample size of in this study. 
Regarding PI, in our study PI was 22.41%. This finding was contrasted to study by Sasi 62%(Sasi et al., 2022) , Study in Nigeria 58.2%(Irowa, Mohammad Hameed, et al., 2023).In our study abnormal PI finding was low. This may be due small study sample size and different participants characteristics. 
 In our study abnormal S/D ratio was 28.45%. The finding was comparable to study done in  India (23.92%)(Mahajan, Dewani and Duragkar, 2023) in Uganda 31.6% (Gimei et al., 2017). This contrasted to study done in Nigeria (41.8% )(Irowa, Hameed, et al., 2023) in Nepal (59%)(Sharma, Gyawali and Sd, 2020). Finding in our study was low. This may be attributed with small study population in our study, also single study setting and participants characteristics example in study by Irowa focused only to participants with preeclampsia.
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3.2.3 Maternal and fetal factors associated with abnormal umbilical artery doppler ultrasound.
In the adjusted multivariable logistic regression analysis, blood pressure measurements were strongly and independently associated with abnormal umbilical artery Doppler ultrasound. Women with moderate systolic hypertension (AOR = 1.572; P= 0.047 CI= 0.119-2.754) and severe systolic hypertension (AOR = 1.759; P= 0.034 CI=0.167-3.452) were significantly more likely to exhibit abnormal umbilical artery Doppler ultrasound. Similarly, elevated diastolic blood pressure at both moderate (AOR = 1.627; P = 0.038 CI= 0.159-2.467) and severe levels (AOR = 1.909; P = 0.021CI= 0.08-2.890) was significantly associated with abnormal umbilical Doppler ultrasound. These results are consistent with studies conducted in Guru(Agarwal et al., 2017), Our finding contrast with study conducted in Uganda. This difference may be attributed to the fact that the Ugandan study focused on participants with pre-eclampsia and employed cross-sectional study design.
This study also observed a non-significant association between participant parity and abnormal Doppler results. Multiparous women had higher odds of abnormal Doppler findings compared to primiparous women (AOR = 2.577; p = 0.09; CI = 0.852–7.789), although the association was not statistically significant. These findings differ from the study by(Gimei et al., 2017) where parity was significantly associated with Doppler abnormalities (AOR = 5.3; p < 0.001).
Maternal age was not associated with abnormal umbilical artery Doppler findings in this study; despite established knowledge that extreme maternal age increases the risk of PIH. Although this group included more participants than the lower-risk age group, most were normotensive at the time of ultrasound assessment. The lack of association may be attributed to the limited sample size.
Gestational age, whether determined by dates or ultrasound measurements, did not show a statistically significant association with abnormal Doppler findings. Participants with gestational age between 33–36 weeks had reduced odds of Doppler abnormalities compared to those between 28–32 weeks, while those with gestational age above 38 weeks also had lower odds. When assessed by ultrasound, participants above 37 weeks showed slightly increased odds, whereas those between 33–36 weeks had reduced odds—both findings approaching but not reaching statistical significance. Our study findings contrast study conducted Uganda. This may be attributed with difference in study design as well as the study in Uganda included only participants with preeclampsia. Additionally, a single center setting in Ugandan study may limit generalization of its finding compared to our study.
Regarding fetal weight assessed via ultrasound, small for gestational age (SGA) fetuses had lower odds of abnormal Doppler findings compared to appropriate-for-gestational-age (AGA) fetuses (AOR = 0.786; p = 0.815), indicating no significant association. 
[bookmark: _Toc202869697]3.2.4 Fetal outcomes of pregnant women diagnosed with PIH and abnormal umbilical artery doppler ultrasound.

In this study pre-term delivery was 32.8%. This was comparable to study in Kenya , Rwanda and India (47.3%)(Vannevel, Joshua P. Vogel, et al., 2022), Study at Willingdon Hospital (47%)(Shahzad et al., 2018) and study at John Hopkin (20.5%)(Al Hamayel et al., 2020) . Our study findings contrasted the studies In India (65.85%)(Sumathi, Rodrigo and Rodrigo, 2019) and 80% (Rai and Lekshmi, 2010). Our study finding was low. This difference may be influenced by single study setting, limited study population focusing to participants with preeclampsia and SGA fetus in study by Rai and Lakshmi (2010).
In this study fresh stillbirth and macerated stillbirth were 3.5% and 2.6% respectively.  This was comparable to study in India(Nagar et al., 2015).The findings in this study contrasted  study done in Guru 30.5% (Agarwal et al., 2017). The difference may be attributed to the study population and setting. Studies included pregnant women with SGA fetus and was conducted in a single site while our study conducted in multiple settings.
Low birth weight was found in 22.41%, very low birth weight was found in 10% and extremely low birth weight was 0.34%. This was comparable to study done in South Africa (Hlongwane et al., 2021) and at John Hopkin (Al Hamayel et al., 2020). The finding in our study was contrasted to study in India (Shenoy, Shenoy and James, 2019). Finding in our study was low, this was due to smaller sample size of our study. Also study at John Hopkin included participants with gestation age below 28 weeks (GA-26weeks) in which there is low chance of survival at this gestation age low-income countries. Also, these studies were conducted in a single setting. 
In this study moderate birth asphyxia was found in 16 (14.0%) newborns and severe birth asphyxia was found in 7 (6.1%) newborns. This was contrast to study conducted in Ethiopia(Jaleta, Gebremedhin and Jebena, 2021) and Study in India (74%) (Rani, Saraswathi and Vani, 2021). Findings of our study were low compared to studies in other countries. This may be attributed by single study setting and study population.


4. Conclusion
In this study nearly half (47.42%) of the participants were diagnosed with abnormal umbilical artery doppler ultrasound. Majority of participants were delivered before term with low birth weight. High blood pressure was significantly associated with abnormal umbilical artery doppler ultrasound. This elicited the effect of blood pressure on fetal hemodynamic hence fetal compromise. Therefore; this study revealed abnormal umbilical artery doppler ultrasound findings were important predictor of adverse fetal outcome among the pregnant women diagnosed with pregnancy induced hypertension. 

[bookmark: _Toc202869698]Study Limitations and strength
[bookmark: _Toc202869699]Study limitation
· Limited sample size has reduced power to detect the associations with less prevalent variables.
· Short follow-up duration limited insight into long term neonatal outcomes
· lack of uniformity in calculating the burden of abnormal umbilical artery doppler ultrasound in the previous studies.
· ultrasound be operator dependent.
[bookmark: _Toc202869700]Study strength 
· This study was prospective cohort study design, enabling real-time examination of umbilical artery doppler ultrasound findings and correlating them with fetal outcomes. this approach allowed for a clear temporal relationship between exposure and effect, enhancing the reliability of the data collected. 
· Prospective cohort study design allowed real time examination and data collection. 
· Standardized ultrasound protocols across participants, using consistent equipment and predefined criteria for doppler waveform abnormalities.
· Multifacility study involving primary and tertiary facilities enhanced general understanding of the effect of blood pressure on fetal hemodynamic which can be predicted with aberration of umbilical artery doppler ultrasound flow pattern and indices.
[bookmark: _Toc202869702]Recommendation
· Umbilical artery doppler ultrasound should be utilized as one of the investigations of choice in high-risk pregnancies since it predicts fetal hemodynamic compromise and adverse fetal and maternal outcome.
· Further research with large population is needed to investigating maternal, clinical and fetal factors associated with abnormal umbilical artery by enrolling the large population.





Consent 

Written and informed concert was obtained from the participants. Participant who concerted signed the concert form for their acceptance.


Ethical approval 

Ethical clearance approval was obtained from Kilimanjaro Ethic Committee and Kilimanjaro Medical University. Research ethical clearance certificate no. pg124/2024 was grated. 
Community entry begun with permission from key authorities including Kilimanjaro Christian Medical Executive Director, Council Executive Officer, Moshi district medical officer (DMO)) and St. Joseph executive director. confidentiality, informed consent and participant welfare were prioritized. codes were used instead of writing names to assist follow up.
Confidentiality was observed by coding participants without recording names. the data sheet was stored into the computer file with limited access.
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AEDF 			Absent End Diastolic Flow
AGA			Appropriate for gestation age
ANC			Antenatal Care
APGAR SCORE 	Appearance, Pulse, Grimace, Activity, Respiration
CDC			Center of Disease Control
EDV			End Diastolic Volume
IUFD 			Intrauterine Fetal Death
IUGR			Intrauterine Growth Restriction
KCMC			Kilimanjaro Medical Center
KCMCU		Kilimanjaro Christian Medical University
PI			Pulsatility Index
PIH			Pregnancy Induced Hypertension
RCH			Reproductive and Child Health
REDF			Reversed End Diastolic Flow
RI			Resistivity Index
S/D	Peak Systolic Velocity to Peak Diastolic Velocity Ratio
SDG			Sustainable Developmental Goals
SFH			Symphysis Fundal Height
SGA			Small for Gestation Age
TDHS			Tanzania demographic and health survey
WHO			Word Heath Organization
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DEFINITION OF KEY TERMS
PIH: Refers to development of high blood pressure at least 20week of gestation age in the previously normotensive pregnant woman. It is diagnosed when the pregnant women have systolic blood pressure>140mmhg and diastolic blood pressure is >90mmhg with or without proteinuria
Umbilical Artery Doppler Ultrasound: Non-invasive test which employ sound waves to evaluate speed and direction of blood flow in blood vessels.
Absent End Diastolic Flow: Refers to the absence of diastolic flow component signifying increased flow resistance in the fetal umbilical artery(Rocha et al., 2022)
Reversed End diastolic Flow: refers to loss of normal forward flow during diastolic phase of umbilical flow pattern attributed with increased flow resistance in the fetal umbilical artery(Rocha et al., 2022).
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