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ABSTRACT
Aim: This study aims to determine the predictors of antenatal insulin therapy (AIT) in patients with gestational diabetes mellitus 
(GDM) who applied to the outpatient endocrine clinic of a tertiary hospital.   
Material and Methods: The study included 619 patients with GDM.Oral glucose tolerance test (OGTT), HbA1c (%),  lipid levels, and 
other biochemical measurements of two groups (patients with or without insulin use) were compared with Mann-Whitney U or Student 
t-test. Demographic characteristics, obesity, and diet adherence were compared with the Chi-Square test. OGTT-75 measurements 
between the three insulin groups (basal, bolus or both uses) were compared with ANOVA.     
Results: In this study, 27.0% of the GDM patients needed insulin therapy. The insulin group had a significantly higher rate of obese, 
morbidly obese, and poor diet adherence patients than the MNT group and had significantly higher values measured in the 75-g OGTT 
(OGTT-75) for 0-h glucose, 2-h glucose, HbA1C (%), and triglyceride. In OGTT-75, all three measurement values (0-h, 1-h, 2-h glucose) 
above the cut-off were associated with insulin requirement. In OGTT-75, 2-h glucose value > 151.5 mg/dL (68.4% sensitivity and 60.0% 
specificity) predicted general need for insulin, and 0-h glucose value > 95.0 mg/dL (72.0% sensitivity and 69.0% specificity) predicted 
the need for basal AIT.     
Conclusion: We suggest identifying the risky group for insulin therapy at the time of diagnosis in GDM. Closer follow-up is required for 
the patients found to be in the risk group for insulin therapy.  
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ÖZ
Amaç: Bu çalışmanın amacı üçüncü basamak bir hastanenin endokrin polikliniğine başvuran gestasyonel diyabetes mellitus (GDM) 
tanılı hastaların antenatal insülin tedavisini (AIT) predikte eden değişkenleri tespit etmektir.  
Gereç ve Yöntemler: Çalışmaya GDM tanılı 619 hasta dahil edildi. İnsülin kullanan ve kullanmayan iki grubun oral glukoz tolerans testi 
(OGTT), HbA1C, lipid düzeyleri ve diğer biyokimyasal ölçümleri Mann-Whitney U veya Student t-testi ile karşılaştırıldı. Bu gruplar 
arasındaki demografik özellikler, obezite, HbA1c (%) ve diyete uyum Ki Kare testi ile karşılaştırıldı. Üç insülin grubu (bazal, bolus veya 
her ikisini kullanan) arasındaki OGTT-75 ölçümleri ANOVA ile karşılaştırıldı.  
Bulgular: Çalışmamıza dahil edilen GDM’li hastaların %27.0’sinde insülin ihtiyacı olmuştur. İnsülin grubunda; obez, morbid obez ve 
düşük diyet uyumu olan hasta oranı, ayrıca OGTT-75 0-s glukoz, 2-s glukoz, HbA1c (%) ve trigliserid ölçümleri MNT grubuna göre 
anlamlı olarak yüksek bulundu. OGTT-75' de üç ölçüm değerinin birden kesme değerin üstünde olması insülin ihtiyacı ile ilişkiliydi. 
OGTT-75 2-s glukoz değeri > 151.5 mg/dL (% 68.4 sensivite, % 60.0 spesifite) olması insülin ihtiyacını genel olarak predikte ederken, 0-s 
glukoz değerinin> 95.0 mg/dL (% 72.0 sensivite, %69.0 spesifite) olması bazal AIT ihtiyacını predikte etti.    
Sonuç: GDM’de tanı ile birlikte insülin tedavisi için riskli grubun belirlenmesini öneriyoruz. İnsülin tedavisi için risk grubunda bulunan 
hastalarda daha yakın takip gereklidir.   
Anahtar Sözcükler: Gestasyonel diyabetes mellitus, Oral glukoz tolerans testi, İnsülin, Nutrisyon, Trigliserid, Glukoz
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INTRODUCTION

The prevalence of gestational diabetes mellitus (GDM) is 
around 17 percent (1). GDM is hyperglycemia that occurs 
and continues throughout pregnancy in the third trimester 
in pregnant women with no history of diagnosed diabe-
tes (2). In cases where pregnancy occurs in a woman with 
already diagnosed diabetes, it is called “pregestational diabe-
tes mellitus” (PGDM) (3). After the diagnosis of GDM, such 
patients are followed up along with the provision of coun-
selling for medical nutrition therapy (MNT) and self-mon-
itoring of blood glucose (SMBG) (4). In patients followed 
up with a diagnosis of GDM, the ideal range is < 95 mg/dl 
for fasting plasma glucose (FPG), < 140 mg/dl for PG at 1-h 
post-meal, and < 120 mg/dl for PG at 2-h post-meal, where-
as the ideal A1C level is 6-6.5% (42-48 mmol/mol) (4). In 
GDM, if the targeted glucose values cannot be attained with-
in 1-2 weeks or if blood glucose rises again under control, it 
is recommended to start insulin therapy (4-6). 

Problems of adherence to insulin therapy and treatment 
adherence in gestational diabetes have been reported (7,8). 
Insulin-treated women with GDM are reported to have 
more perinatal complications compared to diet-treated 
women (9,10). It has been reported that caloric restriction 
to avoid insulin therapy reduces the need for insulin but 
causes intrauterine growth retardation (11). We believe that 
evaluating the factors that predict and guide insulin therapy 
will positively contribute. 

This study aims to determine the predictors of antenatal 
insulin therapy in patients with gestational diabetes melli-
tus (GDM) who applied to the outpatient endocrine clinic 
of a tertiary hospital. We retrospectively scanned the vari-
ables measured in these patients at the time of diagnosis and 
during the post-diagnostic period.

MATERIAL and METHODS

The records of 1199 patients admitted to Karadeniz Techni-
cal University Faculty of Medicine Department of Endocri-
nology and Metabolic Diseases, between 2017 and 2021, as 
outpatients and coded as “Strip used in gestational diabetes” 
(CODE: 53) were reviewed retrospectively. 

The exclusion criteria included having the history of diabe-
tes mellitus history or a diagnosis of diabetes mellitus during 
the first 24 weeks of gestation, history of gestational diabetes 
in a previous pregnancy, diagnosis of diabetes mellitus with 
50 g or 100 g oral glucose tolerance test (OGTT), having 
fasting plasma glucose level of ≥126 mg/dL or HbA1C of 
≥6.5% at the time of diagnosis, and multiparity. 

The records of patients whose gestational diabetes diagno-
ses were confirmed by OGTT-75, according to the guideline 

were reviewed (confirmed by the presence of at least one of 
the diagnostic criteria, fasting plasma glucose ≥ 92 mg/dL, 
1-h plasma glucose ≥ 180 mg/dL, and 2-h plasma glucose ≥ 
153 mg/dL) (4). Subsequently, 619 patients initiated insulin 
therapy after at least one week of SMBG, following the MNT 
recommendation, or followed up with MNT were included 
in the study (the insulin group and the MNT group, respec-
tively). 

The patients’ medical data included in the study and their 
results in the first biochemical measurements run after their 
admission to our outpatient clinic after the 24th gestational 
week were all recorded. 

The body mass index (BMI) information of the patients 
includes the measurements at the time of their first admis-
sion to our outpatient clinic after the diagnosis of GDM; 
they have been grouped according to the WHO classifica-
tion (12). After giving the MNT counselling, the patients 
with data on dietary adherence were classified in terms of 
their dietary adherence being good, average, or poor. 

The assessment of dietary adherence was based on patients 
reports. We divided the patients receiving insulin into three 
groups as basal-only, bolus-only, and basal + bolus combi-
nation, and subsequently compared them. Patients in the 
groups using basal-only or bolus-only insulin included 
patients who were monitored following either of the thera-
pies mentioned above until the end of pregnancy.

Biochemical Analysis

Glucose, creatinine, lipid parameters (total cholesterol, 
high-density lipoprotein cholesterol [HDLc], low-density 
lipoprotein cholesterol [LDLc], and triglyceride [TG] levels, 
were measured using the enzymatic colourimetric method 
with a Beckman Coulter AU5800 (Shizuoka, Japan) autoan-
alyzer with the manufacturer’s original kits. Using a Cobas 
6000 (Roche), the immunoturbidimetric method was used 
for HbA1c analysis. Normal ranges for glucose, creatinine, 
albumin, HBa1c, total cholesterol, HDL, LDL, TG levels 
were defined as 70-100 mg/dl, 0.51-0.95 mg/dl, 35-52 g/L, 
% 4.27-6.07, 120-200 mg/dl, 45-65 mg/dl, <160 mg/dl and 
50-150 mg/dl respectively.

Statistical Analysis

All statistical analyses were performed with the SPSS 23.0 
software package (SPSS, Inc., Chicago, Illinois). Descrip-
tive statistics for the continuous variables were expressed 
as mean ± SD or median (range), and categorical variables 
were noted as numerics and percent (%). The normal 
distribution of the results was checked by the Kolmogor-
ov-Smirnov test. Student T-test was used to compare mea-
surements with normal distribution in two independent 
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groups (patients with and without insulin use), ANOVA 
was used to compare measurements with normal distribu-
tion in three independent groups (patients with basal, bolus, 
and both insulin use), and Mann Whitney U (MWU) test 
was used to compare measurements that are not normally 
distributed in two independent groups (patients with and 
without insulin use). Chi-square was used to compare cate-
gorical variables between the groups. 

Cohen’s d was calculated to estimate the effect size for each 
of the t-tests, Pearson’s r was calculated to estimate the 
effect size for each of the MWU tests, and Cohen’s f was 
calculated to estimate the effect size for each of the ANOVA 
tests (Cohen’s d =0.2-<0.5 small effect size; 0.5-<0.8 medi-
um effect size; ≥0.8 large effect size. Pearson’s r =0.10-<0.30 
small effect size; 0.3-<0.5 medium effect size; ≥0.5 large 
effect size. Cohen’s f = 0.10-<0.25 small effect size; 0.25-
<0.40 medium effect size; ≥0.40 large effect size) (13). 

The marking features about OGTT-75 glucose (0-h, 1-h, 
2-h), HbA1C, triglyceride serum levels in predicting insu-
lin use were assessed by Receiver Operating Characteristics 
(ROC) curve analysis. In evaluating the area under the curve 
(AUC), cases with Type-1 error levels below 5% were inter-
preted as the diagnostic value of the test was statistically sig-
nificant. p<0.05 was considered as statistically significant.

RESULTS

In our study, 73.0% (n = 452) of the 619 patients includ-
ed were followed up with MNT alone, whereas 27.0% (n = 
167) required antenatal insulin therapy. According to the 
BMIs calculated for the patients, 7.4% (n = 46) were nor-
mal-weighted, 36.1% (n = 223) were overweight, 49.6% (n 
= 307) were obese, and 6.9% (n = 43) were morbidly obese. 
There was no difference between the groups of MNT and 
insulin therapy that included patients with normal weight 
(p= 0.128). The rate of obese and morbidly obese patients 
was higher in insulin patients (p= 0.027, p= 0.008, respec-
tively). In patients who were followed up with only MNT, 
the rate of overweight patients was higher (p= 0.004). The 
median maternal age of the normal and overweight patients 
was 31 years (19-45), whereas the median maternal age of 
the obese and morbidly obese patients was 33 years (18-45). 
65.8% (n = 407) of the patients were multiparous and 34.2% 
(n = 212) were primiparous. 

In OGTT-75 testing of all included patients included, the 
median plasma glucose value was 94 mg/dl (68-124) at the 
hour 0, 182 mg/dl (105-277) at hour 1, and 148 mg/dl (61-
275) at hour 2. The OGTT-75 0-h, 1-h, and 2-h glucose 
measurements were higher in the insulin group than in the 
MNT group (p < 0.001, p < 0.001, p < 0.001, respectively). 
According to the OGTT-75 results obtained in all patients, 

48.9% (n = 303) demonstrated elevation in one, 33.5% (n = 
207) in two, and 17.6% (n = 109) in three measurements. 
The number of patients with elevation in three measure-
ments was higher in the insulin group, whereas the number 
of patients with elevation in one measurement was high-
er in the MNT group (p < 0.001, p < 0.001, respectively). 
According to measurements of all patients at the time of the 
first visit following the diagnosis in the third trimester, the 
median level of glucose (mg/dl) was 87 (63-121), whereas 
the median level of HbA1C (%) was 5.2 (4.0-6.3), creatinine 
(mg/dl) was 0.46 (0.27-1.10), albumin (g/L) was 35.0 (23.0-
44.0), and hemoglobin was (mg/dl) 11.80 (8.90-14.50). The 
levels of glucose and HbA1C (%) were found to be higher in 
the group of patients receiving insulin (p < 0.001, p < 0.001, 
respectively). No significant difference was found between 
the values measured for albumin and hemoglobin (Table 1). 

Of the 220 patients who had lipid measurements, the group 
of patients who needed insulin was found to have higher 
TG levels and higher TG/HDL ratios than the MNT group 
(p= 0.049, p= 0.047, respectively); however, the levels of 
LDL-cholesterol, total cholesterol, and HDL cholester-
ol measured here did not differ (Table 2). Of all patients 
receiving insulin therapy (n = 167), the group of patients 
on basal-only therapy accounted for 36.5% (n = 61) and 
those on bolus-only therapy accounted for 34.7% (n = 58), 
whereas the group of patients receiving basal + bolus insulin 
therapy accounted for 28.7% (n = 48). When the OGTT-75 
glucose measurement results of the patients using insulin 
were compared among themselves, a difference was detect-
ed between the hour 0 and hour 2 measurements (p < 0.001, 
p < 0.001, respectively) (Table 3). 

The basal only group and the basal + bolus insulin group 
were significantly higher glucose levels at the 0-h measure-
ment. The 0-h glucose levels were higher in the basal only 
and basal + bolus groups than the bolus only group of (p < 
0.001, p < 0.001, respectively). However, there was no differ-
ence between the basal-only group and basal + bolus insulin 
group in terms of the glucose levels measured at hour 0 (p= 
0.985). The group of basal-only therapy had a lower glucose 
level measured at hour 2 than the bolus only and group of 
basal + bolus insulin groups (p < 0.001, p= 0.003, respective-
ly). There was no difference between the bolus-only group 
and the basal + bolus insulin group regarding the glucose 
levels measured at hour 2 (p= 0.816). The OGTT-75 glucose 
(0-h, 1-h, and 2-h), HbA1C, and triglyceride were signifi-
cant variables for predicting the use of insulin, according to 
the ROC analysis result (Table 4). 

The OGTT-75 2-h glucose values that can predict AIT were 
identified to be > 151.5 mg/dL, with 68.4% sensitivity and 
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Table 1: Comparison of patients with gestational diabetes receiving insulin therapy with those who can be managed with 
MNT.

Parameters All patients (n=619) MNT group (n =452) Insulin group (n=167) p
Age (years) a 32 (18-45) 32 (18-45) 33 (19-45) 0.011c

BMI (kg/m²) 

< 24.99 b

25-29.99 b

30-39.99 b

> 40.0 b

46 (7.4)
223 (36.1)
307 (49.6)

43 (6.9)

38 (8.4)
178 (39.4)
212 (46.9)

24 (5.3)

8 (4.8)
45 (26.9)
95 (56.9)
19 (11.4)

0.128d

0.004d

0.027d

0.008d

Parity 

Multipar b 
Primipar b 

407 (65.8)
212 (34.2)

289 (63.9)
163 (36.1)

118 (70.7)
49 (29.3)

0.118d

OGTT 
0-h  plasma glucose a  
1 h plasma glucose a  
2 h plasma glucose a  

94 (68-124)
182 (105-277)
148 (61-275)

94 (68-124)
180 (105-249)
144 (61-212)

98 (74-123)
195 (120-277)
164 (70-275)

<0.001c

<0.001c

<0.001c

Abnormal values in 
OGTT-75 

1 b

2 b

3 b

303 (48.9)
207 (33.5)
109 (17.6)

258 (57.1)
148 (32.7)
46 (10.2)

45 (26.9)
59 (35.3)
63 (37.7)

<0.001c

0.545c

<0.001c

Glucose (mg/dl) a 87 (63-121) 85 (63-118) 91 (63-121) <0.001c

Hba1C (%)a 5.2 (4.0-6.3) 5.2 (4.0-6.3) 5.4 (4.3-6.3) <0.001c

Creatinine (mg/dl) a 0.46 (0.27-1.10) 0.46 (0.28-1.10) 0.46 (0.27-1.02) 0.474c

Albumin (g/L) a 35.0 (23.0-44.0) 35.0 (23.0-44.0) 35.0 (30.0-43.0) 0.805c

Hemoglobin (mg/dl) a 11.80 (8.90-14.50) 11.75 (8.90-14.50) 11.90 (9.20-13.70) 0.539c

a median (minimum-maximum), b n (%), c Mann-Whitney U test, d chi-square test, MNT: Medical nutrition therapy, BMI: Body mass index, OGTT: 
Oral glucose tolerance test, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, p-values in bold are significant values.

Table 2: Comparison of the lipid levels in patients receiving insulin therapy and those who can be managed with MNT.

Parameters All patients (n=220) MNT group (n =162) Insulin group (n=58) p d /r
TG (mg/dl) a 226.90 ± 100.77 218.90 ± 96.93 249.27 ± 108.57 0.049c 0.295
LDL cholesterol (mg/dl) a 134.03 ± 40.54 135.61 ± 41.36 129.62 ± 38.16 0.335c 0.150
Total cholesterol (mg/dl) a 240.78 ± 50.66 242.80 ± 52.39 235.13  ± 45.44 0.324c 0.156
HDL cholesterol (mg/dl) a 65.18 ± 15.24 66.14 ± 16.37 62.50 ± 11.20 0.064c 0.260
TG/ HDL cholesterol b 3.21 (0.91-12.50) 3.08 (0.91-10.61) 3.80 (1.64-12.50) 0. 047d 0.133

a mean± standard deviation, b median (minimum-maximum), c Student t-test, d Mann Whitney U test, MNT: Medical nutrition therapy, TG: Triglyceride, 
LDL: Low-density lipoprotein, HDL: High-density lipoprotein, p-values in bold are significant values, 

Table 3: Comparison of the type of antenatal insulin therapy in reference to OGTT-75 results.

OGTT-75, Glucose levelsa Basal-only (n=61) Bolus -only (n=58) Basal + bolus insulin (n=48) p f
0-h glucose (mg/dl)a 101 (84-121) 92.5 (74-121) 99.5 (80-123) <0.001b 0.468
1-h glucose (mg/dl)a 194 (120-253) 195.5 (152-277) 195.5 (134-273) 0.287 b 0.123
2-h glucose (mg/dl)a 149.5 (70-231) 174 (98-242) 165 (115-275) <0.001b 0.345

a median (minimum-maximum),  b ANOVA, OGTT: oral glucose tolerance test, p-values in bold are significant values
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DISCUSSION

Most of the patients with GDM attain the desired level of 
blood glucose with only MNT, but 15-30% need antenatal 
insulin therapy (9,14,15). The rate of patients needing ante-
natal insulin therapy was higher in several studies (10,16). 
In our study, the rate of patients who needed antenatal 
insulin therapy was 27.0%, similar to the literature. Addi-
tionally, maternal age was higher in patients who needed 
insulin. The relationship between maternal age and insulin 
use is yet to be clarified in the literature, and the results are 
contradictory to each other (17-19). Our analysis found that 
obese and morbidly obese patients had a higher maternal 
age than the standard weight and overweight patients. This 
result suggests that advanced maternal age is related to insu-
lin use because of the weight gain accompanying increasing 

60.0% specificity (p < 0.001). Its positive predictive value was 
38.9%, whereas its negative predictive value was 83.9% (p < 
0.001; Figure 1). The OGTT-75 0-h glucose values that can 
predict basal AIT were identified to be > 95.0 mg/dL, with 
72.0% sensitivity and 69.0% specificity (p < 0.001; Figure 2). 
Its positive predictive value was 33.7%, whereas its negative 
predictive value was 91.8% (p < 0.001). Of all patients who 
were evaluated for dietary adherence (n = 239), the dietary 
adherence in patients receiving insulin therapy (n = 63) was 
found to be poor in 20.6% (n = 13), average in 55.6% (n = 
35), and good in 23.8% (n = 15) good, whereas the dietary 
adherence in patients followed up with MNT (n = 176) was 
found to be poor in 2.3% (n = 4), average in 47.2% (n = 83), 
and good in 50.5% (n = 89) (p < 0.001, p < 0.001, p= 0.253, 
respectively).

Table 4: ROC analysis to evaluate OGTT, HbA1C, and Triglyceride results in reference to the need for antenatal insulin 
therapy.

Parameters AUC p
95% confidence interval

Lower Upper
OGTT-75

0-h glucose (mg/dl)
2-h glucose (mg/dl)

0.625
0.716

  0.006
<0.001

0.533
0.641

0.717
0.790

HbA1c (%) 0.622   0.007 0.537 0.706
Triglycerides (mg/dl) 0.593   0.040 0.505 0.681

OGTT: Oral glucose tolerance test, AUC: Area Under the Curve, p-values in bold are significant values

Figure 1: ROC exhibiting 2-h OGTT-75 plasma glucose for 
prediction of insulin requirement (AUC 0.716, arrow shows cut 
off of > 151.5 mg/dL, corresponding to a sensitivity of 68.4% and 
specificity of 60.0%).

Figure 2: ROC exhibiting 0-h OGTT-75 plasma glucose for 
prediction of basal insulin requirement (AUC 0.754, arrow shows 
cut off of > 95.0 mg/dL, corresponding to sensitivity of 72.0% and 
specificity of 69.0%).
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glucose values and lower 2-h glucose values. In other words, 
we thought that it would be helpful to evaluate the OGTT 
results separately in patients who need basal insulin. This 
result also confirms that an elevated level of 0-h glucose in 
OGTT is associated with the deterioration of the basal insu-
lin secretion capacity (27). Therefore, we studied insulin use 
in two separate categories when evaluating the ROC analy-
sis: general insulin use and basal insulin use. As a result of 
our ROC analysis, we found the area under the curve to be 
the highest for the 2-h glucose value for the whole group 
of patients using insulin. Additionally, we found that a 2-h 
glucose level over 151.5 mg/dL is the most specific and pre-
dictive value for insulin use. When we evaluated the ROC 
analysis for basal insulin need, we revealed that 0-h glucose 
above 95.0 mg/dl is the most specific and predictive val-
ue for basal insulin use. The low positive predictive value 
between insulin therapy and the variables is the relatively 
low need for insulin therapy during pregnancy. Therefore, 
our negative predictive value is high since the patients fol-
lowed up with MNT are in the majority.

In many studies, a history of gestational diabetes was associ-
ated with the need for antenatal insulin therapy (9,28). We 
excluded this group of patients in our study because this 
group did not have data on the chronicity of diabetes diag-
nosed during their previous pregnancy, and it is possible to 
overlook the diagnosis of PGDM in such patients.

The main limitations of our study include its retrospective 
design and the investigation where only the data of preg-
nant women admitted to the university hospital were stud-
ied. In addition, single-centered design of the study makes it 
difficult to generalize the study results. Multicenter studies 
with large samples should support the results. Other limita-
tions were the lack of data concerning the family history, the 
outcome of the pregnancy and the fetal-maternal complica-
tions of the patients.

In conclusion, this is the first study investigating the rela-
tionship between lipid levels and insulin use and the relation 
between the type of insulin therapy and OGTT-75 results 
in patients with GDM. In addition, the number of patients 
included to the study was also higher than that of similar 
studies. The data of our study will help predict individuals 
at risk of insulin therapy in the population of GDM patients. 
The need for insulin therapy in GDM patients is associated 
with a poor metabolic profile. Identifying individuals at risk 
and providing counselling on this issue can help regulate 
blood glucose. The detection of risky individuals will help 
identify patients who should not be overlooked during fol-
low-up. 

maternal age. In our study, more than half of the patients 
fell under the obesity range, and the obesity rate was much 
higher in patients using insulin. However, the rate of over-
weight patients was significantly higher in the MNT group, 
whereas the rate of obese and morbidly obese patients was 
significantly higher in the insulin group. In many studies, 
patients with insulin needs were found to have higher BMIs 
and demonstrated a higher rate of obesity and morbid obe-
sity (10,18,20). Due to the retrospective design of our study, 
we do not have information about BMI at the onset of preg-
nancy. Therefore, we suggest that comprehensive examina-
tion of and counselling for overweight and obese women 
would positively reduce the need for insulin in planned 
pregnancies.

Our study showed that 0-h and 2-h glucose values measured 
in OGTT-75 were significantly higher in the group that 
needed antenatal insulin. The rate of patients with only one 
value elevated in the MNT group was significantly higher, 
whereas the rate of patients with all three values elevated 
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for OGTT and HbA1C are consistent with the literature 
and believe that it will be useful in predicting patients who 
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