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Introduction

Hypertensive disorders of pregnancy are one of the leading 
causes of maternal and infant morbidity and mortality. Worldwide, 
hypertensive disorders of pregnancy affect 5-10% of all pregnancies 
and cause approximately 50,000 deaths among women every year 
[1]. The incidence of preeclampsia (PE) is influenced by parity, 
racial, genetic predisposition, and environmental factors may also 
have a role. The incidence of PE varies greatly worldwide. World 
Health Organization (WHO) estimates the incidence of PE to be 
seven times higher in developing countries (2.8% of live births) 
than in developed countries (0.4%) which is due to poor health- 

 
seeking behaviours and un-availability of health care facilities and 
personnel [2,3].

Maternal mortality due to PE varies between (2-30%) and 
is much higher in rural areas. In Egypt, the prevalence of PE is 
(10.7%) in a community-based study while, in hospital-based 
studies ranged from (9.1-12.5%) of all deliveries [1,4,5].

Prevention of PE may be primary, secondary. Primary 
prevention involves avoiding pregnancy in women at high risk for 
PE, modifying lifestyles or improving nutrients intake in the whole 
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population to decrease the incidence of the disease. Therefore, 
probably most of the cases of PE are unpreventable. Secondary 
prevention is based on interruption of known pathophysiological 
mechanisms of the disease before its establishment. Recent 
efforts have focused on the selection of high-risk women and have 
proposed an effective intervention, as early as it is possible, to avoid 
the disease or its severe complications [6]. 

The aim of the study was to create a nomogram for prediction of 
PE causing risk factors during antenatal care at a tertiary maternity 
hospital.

Patients and Methods

A cross-sectional study was conducted at Antenatal Care Clinic 
(ANC) in Assiut Women Health Hospital. This clinic is the main 
largest clinic in Assiut Governorate which provides antenatal care 
services for pregnant women.

A convenience sampling of pregnant women who attended at 
ANC for six months period from the beginning of May 2016 till the 
end of December 2016 and follow up waves ended in (March 2017). 
The total number of the study sample composed of 230 pregnant 
women was included and continued until the end of the study. 
All pregnant women who agree to participate in the study were 
included if gestational age was from 4th to 18th weeks and without 
mental disorders. 

Two tools were utilized in the current study: 

Tool 1

Structured interview questionnaire developed after reviewing 
the literature and previous research which were relevant to the 
present study, it included the following (3) parts: 

Part 1: included the following:

1. Personal data scale which included: Age, name, telephone 
number, level of education, occupation …etc.

2. Family history of risk factors for PE such as previous PE, 
a family history of (diabetes mellitus, chronic hypertension, 
chronic kidney disease, cardiovascular diseases, thrombophilia, 
lupus, and smoking).

3. Maternal medical and obstetric history such as Gestational 
age at the beginning of the current study, consanguinity, age 
at marriage, age at first pregnancy, history of (preeclampsia, 
hypertension, diabetes mellitus.etc.).

Part 2

Physical examination of pregnant women, including (blood 
pressure, weight, signs of edema, and urine analysis).

During the first contact with the women that were enrolled, the 
physical examination (blood pressure, urine analysis, and signs of 
edema) was done.

Part 3

It included following up the pregnant women through three 
waves after the first contact with the pregnant women (4:18 
weeks): 

1st wave of follow up:

At the (24th) weeks of gestation, the pregnant women conducted 
phone calling to know the result of (blood pressure, urine analysis) 
and know if she diagnosed with PE or not through the physician. 
If the pregnant woman is diagnosed with PE will not be followed 
through the second wave.

2nd wave of follow up:

Before the (32th) weeks of gestation, the pregnant women 
conducted phone calling to know the result of (blood pressure, 
urine analysis) and know if she diagnosed with PE or not through 
the physician. If the pregnant woman is diagnosed with PE will not 
be followed through the third wave.

3rd wave of follow up:

After (32th) weeks, the pregnant women conducted phone 
calling to the result of (blood pressure, urine analysis) and know if 
she diagnosed with PE or not through the physician. 

Tool 2

Included nomogram, which was built based on the data of 
regression analysis, was used to predict the value of one or more 
responses from a set of predictors.

The collected data were reviewed, prepared for computer entry, 
coded categorized, analyzed and tabulated. Data entry and data 
analysis were done using STATA version 12 and SPSS (Statistical 
Package for Social Science) version 19. Data were presented as a 
number, percentage, mean, standard deviation. Chi-square and 
Fisher Exact Tests were used to compare qualitative variables. 
Mann-Whitney test was used to compare quantitative variables 
between groups in case of non-parametric data. Regression 
analysis was done to rank the different risk factors of preeclampsia. 
P-value considered statistically significant when P < 0.05. Based 
on the regression analysis the probability of PE calculated through 
nomogram.

Results

As shown in Table 1 more than two fifths (40.9%) of the study 
participants aged from 25-30 years, three fifths (60%) of them 
were from rural area and more than one third (35.7%) of them 
had technical education, while (83%) of pregnant women were 
housewives, more than three fifths (63.9%) of them had income 
less than 1000 L.E and less than one third (3%) of them had 
consanguinity marriage.
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Table 1: Socio-demographic characteristics of the study participants (n=230). 

Items No. (n= 230) %

Age

20< 25 years 77 33.5

25 - 30 years 94 40.9

> 30 years 59 25.6

Mean ± SD (Range) 27.47 ± 5.65 (17.0 – 42.0)

Residence

Rural 138 60

Urban 92 40

Level of education

Illiterate 49 21.3

Elementary 66 28.7

Secondary 15 6.5

Technical education 82 35.7

University 18 7.8

Occupation

Employee 39 17

House wife 191 83

Level of husband education

Illiterate 41 17.8

Elementary 36 15.7

Secondary 13 5.6

Technical education 105 45.7

University 35 15.2

Husband occupation

Employee 230 100

Unemployed 0 0

Family income

< 1000 LE 140 63.9

1000 to < 4000 L.E. 90 36.1

≥ 4000 LE 0 0

Consanguinity

Yes 69 30

No 161 70

The current study found that (10%) of the study participants 
had chronic disease, (47.8%) of them had DM and more than 
quarter (26.1% and 26.1%) respectively of the pregnant women 
were had chronic hypertension and cardiovascular disease, while 
(4.3%, 4.3%, and 4.3%) respectively of them had thrombophilia, 
lupus, and anti-thrombin deficiency.

Additionally, 5.2% of the study participants had a family history 
of PE. Concerning women history of PE in the previous pregnancy, 
this table shows that (7.4%) of the study participants had a history 

of preeclampsia, (76.5%) of them had a history of preeclampsia for 
one time.

Table 2 shows that there was a statistical significant difference 
(P=0.000) between waves of first contact and 1st, 2nd and 3rd follow-
up and physical examination of the study participants (Blood 
pressure, edema, and albumin). There was a statistically significant 
difference between following up of blood pressure of the pregnant 
women during the three waves of follow-up and developing of PE. 
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Table 2: Distribution of the study participants according to results of physical examination during current pregnancy.

Items First contact 
(n= 230) 

First follow-up 
(n= 230)

Second follow-up 
(n= 209)

Third follow-up 
(n= 201) P1 P2 P3

Blood 
pressure No. % No. % No. % No. %

0.216 0.196 0.000*Normal 229 99.6 225 97.8 205 98.1 172 85.6

Abnormal 1 0.4 5 2.2 4 1.9 29 14.4

Systolic BP

0.000* 0.000* 0.000***Mean ± SD 114.04±7.52 115.48±8.49 115.98±9.10 121.24±18.16

Range 90.0 - 150.0 90.0 - 160.0 90.0 - 160.0 90.0 - 180.0

Diastolic BP

0.014* 0.000* 0.000***Mean ± SD 74.30 ± 7.01 75.04 ± 6.85 75.45 ± 7.27 79.25 ± 13.60

Range 60.0 - 120.0 60.0 - 100.0 60.0 - 100.0 60.0 - 120.0

Edema No. % No. % No. % No. %

0.123 0.051 0.000***Yes 0 0 4 1.7 4 1.9 29 14.4

No 230 100 226 98.3 205 98.1 172 85.6

Albumin No. % No. % No. % No. %

0.123 0.051 0.000***Yes 0 0 4 1.7 4 1.9 29 14.4

No 230 100 226 98.3 205 98.1 172 85.6

*P1: between first contact and first follow-up.  

*P2: between first contact and second follow-up.

*P3: between first contact and third follow-up.

Risk factors of PE according to nomogram prediction 
among study participants

As shown in Table 3 Regression analysis included seven factors: 
five factors were not significant [maternal age (P=0.154, OR=1.076 
and 95%CI=0.973-1.191), consanguinity (P=0.821, OR=1.104 and 
95%CI= 0.469-2.600), age at marriage (P=0.266, OR=1.404 and 

95%CI=0.772-2.555), Age at first pregnancy (P=0.319, OR=0.735 
and 95%CI=0.401-1.348), order of pregnancy (3rd or more) 
(P=0.951, OR=0.984 and 95%CI=0.583-1.659)]. On the other hand, 
two factors were significant [history of DM (P=0.010, OR=5.923 
and 95%CI=1.519-23.091) and history of hypertension (P=0.045, 
OR=7.838 and 95%CI=1.048-58.368)]. 

Table 3: Regressions analysis for prediction of spreeclampsia risk factors among study participants.

Items P-value OR
95% CI

Lower Upper

Maternal age 0.154 1.076 0.973 1.191

Consanguinity 0.821 1.104 0.469 2.6

Age at marriage 0.266 1.404 0.772 2.555

Age at first pregnancy 0.319 0.735 0.401 1.348

Order of pregnancy (3rd or 
more) 0.951 0.984 0.583 1.659

History of DM 0.010* 5.923 1.519 23.091

History of hypertension 0.045* 7.838 1.048 58.638

*Statistical significant difference, OR odds Ratio, CI Confidence interval

The nomogram used by finding predictor points indicated by 
the uppermost point scales that correspond to each patient variable 
value; the sum of the points (seven variables) was projected to the 
probability of PE scale (Figure 1).

Figure 2 shows the discrimination of the nomogram model, 
the nomogram based on the variables included in the model had 
good discrimination: the concordance indices before and after 
bootstrapping was 0.68 (P < 0.001).
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Figure 1: Nomogram to estimate the probability of preeclampsia: This nomogram used by finding predictor points indicated by the uppermost 
point scales that correspond to each patient variable value; the sum of the points (seven variables) was projected to the probability of 
preeclampsia scale.

Figure 2: ROC curve for discrimination of the nomogram model for prediction of preeclampsia
(*) AUC (Area under the Curve) = 68%, (*) P= 0.001, (*) 95% CI=0.57-0.78. 

Discussion

PE has remained a significant public health threat in both 
developed and developing countries, contributing to maternal and 
perinatal morbidity and mortality globally. It affects approximately 
3-14% of all pregnancies worldwide. The identification of 
predisposing risk factors for the development of PE could lead to 
a better understanding of the causality and pathogenesis of this 
challenging and high-risk disorder. Such knowledge is crucial for 
the development of an evaluation and management algorithm for 
the prevention of PE and its associated complications [7-9].

The socio-demographic findings of this study showed that 
40.9% of the study participants aged 25-30 years, 60% of them 
were from a rural area, 35.7% of them had technical education, 
83% of them were housewives and 72.6% of the pregnant women 
were in the middle class of socioeconomic level. This agreed with 
Jašović-Siveska, et al. [10] who conducted a study in Macedonia 
and reported that the age group of participated women ranged 
from 25-30 years old was two-fifths of the total study sample. 
Additionally, the study was in the same line with Endeshaw, et al. 
[9] and supported by Essam, et al. [11], who recorded that more 
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than one-fifth of the participant’s age group were ranged from 26-
30 years old.

As regarding family history of chronic disease among the 
participants, this study reflected that more than two fifths (42.2%) 
of the study sample had DM. This result is disagreement with 
Chrelias, et al. [8], who reported that the DM was only (8.2%) among 
the participated women. The current study also reflected that less 
than one half (47.8%) of the studied sample had DM, this result in 
contrast with Budhram [12] who reported the DM was only present 
in 13.4% of the study participants.

The present study showed that more than one quarter (26.1%) 
had a history of hypertension, in contrast with Macdonald-Wallis, et 
al. [13] who reported that (15.3%) of the participants had a history 
of gestational hypertension.

The result of the current study recorded that 5.2% of pregnant 
women had a family history of PE. This agrees with Essam, et al. 
[11] who reported that only 4% of women had a family history of 
PE. In the light of the current result, 7.4% of women had a previous 
history of PE, and this disagreed with Luo, et al. [14] who found that 
11.1% of their study participants had a history of PE. 

In the present study, the evaluation of blood pressure started 
as early as 14 weeks of gestation, which is very important in 
discovering PE in the early stages. Measuring the blood pressure 
from the beginning of the pregnancy and knowing the values of the 
artery pressure in the period within 20 weeks. The values of mean 
arterial blood pressure over 85-90mmHg and values of diastolic 
blood pressure over 75mmHg are an important predictive indicator 
for determining the risk of hypertensive disorders in pregnancy, 
especially PE [15].

On the other hand, concerning to measuring of the systolic 
blood pressure and diastolic blood pressure during following up, 
the current study revealed that there is a statistical significant 
difference between the same groups in each wave (P=0.000). 
Likewise, the other finding same recorded by Jašović-Siveska, et 
al. [10] who found a statistical significant difference between the 
group of hypertensive and development of PE during pregnancy.

Cnossen, et al. [16] worked on 34 studies and observed 5.5% 
of women had PE. Their hypothesis was based on the diastolic 
average, but not on the systolic pressure. They concluded that the 
diastolic blood pressure over 75mmHg in the period of 13-20-
week gestation has predictive importance. They also concluded 
that blood pressure values over 85-90mmHg also has predictive 
importance for the development of PE, which was also like the 
previous research done by Duckitt, et al. [15].

Moreover, a study was done by Hassan, et al. [17] confirmed 
that pre-eclamptic women in their study had significantly higher 
systolic and diastolic blood pressure measurements in the studied 
group than those in the control group. This was consistent with the 
findings of Siddiqui, et al. [18] who reported that a mean systolic BP 
was 143.1±7.8 mmHg versus 125.1±19.6 mmHg and mean diastolic 

BP was 94.3±4.9 mmHg versus 78±13.3 mmHg in the preeclamptic 
and control groups, respectively (P < 0.05).

The present study revealed to 16.1% of pregnant women has 
had PE. This result agrees with Guerrier, et al. [19] who reported 
that (16%) of pregnant women had PE.

 Major risk factors for PE are: nulliparity, maternal age >40, 
prior preeclampsia, antiphospholipid antibody syndrome, family 
history of PE, renal disease, chronic hypertension, diabetes 
mellitus, multiple gestations, strong family history of CV disease 
(heart disease or stroke in ≥2 first-degree relatives), obesity [20].

The current study revealed that DM and hypertension were the 
most significant risk factors among study participants diagnosed 
with PE. This was consistent with Shiozaki, et al. [21] in Japan 
who found that DM in that study was one of the risk factors for 
developing PE. Additionally, a history of hypertension was a risk 
factor for PE in a previous study done by Bartsch, et al. [22].

In the present study, PE occurred in 37 patients (16.1%). 
In a multivariate model, history of DM (P=0.010) and history of 
hypertension (P=0.045) were associated with occurrence of PE and 
were informative in the model, while maternal age, consanguinity, 
age at marriage, age at first pregnancy and order of pregnancy (3rd 
or more) were not, this result disagreed with Deis, et al. [23] who 
found that PE occurred in 110 patients (2.4%). In a multivariate 
model, nulliparity (P=0.0021), previous PE (P=0.0039), DBP at the 
first visit (P< 0.0021), UARI (P=0.08), biparietal diameter (P=0.011) 
and twin pregnancy (P=0.0007) were associated with occurrence of 
PE and were informative in the model, while chronic hypertension, 
body mass index, ethnicity, history of first-trimester miscarriage, 
previous intra-uterine fetal death, auto-immune disease, tobacco 
use, urinary proteinuria at first prenatal visit, abdominal perimeter 
and femur length were not.

Conclusions

In conclusion, history of DM and hypertension were the 
predictor in the final model among pregnant women who diagnosed 
with PE. Probability of PE based on the finding of the nomogram 
was 68% with good discrimination.
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