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ABSTRACT
OBJECTIVE
The trajectories of pulse pressure (PP) might affect the prognosis of malignant hypertensive nephropathy (MHN). We aimed to describe the association between PP trajectories and the future risk of end-stage renal disease and to identify and compare associated patient characteristics of any distinct trajectory patterns in MHN patients. 
METHODS
Patients with newly diagnosed biopsy-proven MHN 2010-2015 were included. Latent class growth analysis was applied to the PP measured over 3 years prior to biopsy to identify distinct trajectories. Concurrent systolic blood pressure, diastolic blood pressure, plasma creatinine, and 24-hour urine protein measurements for each trajectory group were modelled using generalised estimating equations. Risk of end-stage renal disease (with kidney replacement therapy as a proxy) were estimated using Logistic regression. 
RESULTS
203 patients were included (median-age 34 years, and 19.7% female). A two-group cubic model was optimal, with trajectories distinguished by rate of PP and absolute level at final measurement. Trajectory Group-1 (n=84) was characterised by ‘first-increased-then-decreased’ PP and trajectory Group-2 (n=119) was characterised by ‘first-decreased-then-increased’ PP over 3 years prior to biopsy. Systolic and diastolic blood pressure, plasma creatinine, and 24-hour urine protein differed by trajectory group. Baseline characteristics differed substantially between trajectory groups. Compared with Group-1, Group-2 had a 66% greater risk of developing into end-stage renal disease in the subsequent 3 years. 
CONCLUSIONS
Two distinct 3-year trajectories for PP exist with MHN.  Early introduction of intensive antihypertensive treatment might delay development of end-stage renal disease among patients with malignant hypertension.
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INTRODUCTION
 
Hypertension is the dominant risk factor for cardiovascular diseases (1). Malignant hypertension, is a subtype of hypertension, and is characterised by extreme high systolic blood pressure and out of range of office diastolic blood pressure (above 120 mmHg at the time of diagnosis), in combination with ischemic retinal changes consistent with grade III or IV hypertensive retinopathy (2, 3).  Malignant hypertension is rare in the general population with an annual incidence of 2-7/100,000 (4).  It often has a poor prognosis including 80% mortality within 2 years in the absence of treatment (5). In recent years, with the advent of antihypertensive therapy, the general survival of malignant hypertension has considerably improved, however, the associated end-stage renal disease remains a dominant driver of morbidity and mortality for patients with malignant hypertension (6).   Indeed, end-stage renal disease develops in 20-40% patients with malignant hypertension within 5 years (7). It has been estimated in the Dutch population that the attributable risk of kidney replacement therapy due to malignant hypertension has increased by 40% over the past 20 years (8).

 While systolic and diastolic blood pressure are the usual measures recorded in clinical practice, the derived pulse pressure has been utilised as a prognostic factor for renal function as pulse pressure indicates adequacy of cardiac function and arterial elasticity, and cardiac function and arterial elasticity have significant impacts on the renal function (9).    
Pulse pressure levels at different time points prior to the incident diagnosis of biopsy-proven malignant hypertensive nephropathy represent the malignant hypertension status at a particular time point (10). The rate of increase in pulse pressure in a specific prior-biopsy time window reflects the velocity of blood pressure change (11). A steeper change in slope of pulse pressure at a particular time point is indicative of the potential for reperfusion injuries at a later stage of life (12). We hypothesised that a changing pulse pressure slope during the period prior to biopsy-proven malignant hypertensive nephropathy would be predictive of kidney replacement therapy (end-stage renal disease), and that this would be independent of the absolute pulse pressure value at the same time point. To test our hypothesis, using data from a longitudinal dataset, we built up (1) a retrospective cohort to describe the trajectories of pulse pressure prior to biopsy-proven malignant hypertensive nephropathy and (2) a prospective cohort to investigate the association between the identified trajectories and the risk of end-stage renal disease (proxied by kidney replacement therapy).
 

PATIENTS AND METHODS
Study design
This present study utilised longitudinal data from the malignant hypertensive nephropathy registry dataset (MHNRD) at the First Affiliated Hospital, Zhengzhou University. All patients with newly diagnosed, biopsy-proven, malignant hypertensive nephropathy in 2010-2015 were included in this study. All available medical records from patients attending either the First Affiliated hospital or external hospitals prior to the renal biopsy were collected and independently reviewed by three nephrologists. Records agreed by ≥2 nephrologists were used in this study.   Ethics approval was granted by the Clinical Research Ethics Committee of the First Affiliated Hospital of Zhengzhou University (Reference NO: 2019-KY-361). Written informed consent was obtained from all participants before inclusion.
Data collection and outcomes of interest
Renal puncture biopsy was then conducted using a 16G ejection needle with the aid of B ultrasound. Renal biopsy specimens were examined under a light microscope with the following methods: haematoxylin and eosin (H&E), periodic Schiff-methenamine silver (PASM) and Masson's staining; immunofluorescence for IgG; as well as IgA, IgM, C3, C4 and C1q examination. Blood pressure, creatine and urine protein was measured and recorded during the clinical visits in outpatient or inpatient settings prior the biopsy. Blood pressure was measured three times by standard method BP after at least 5 minutes of rest in the sitting position. Other clinical measurements and information on antihypertensive treatments were collected by the date of the kidney biopsy. The laboratory tests were measured by automated analyser (Olympus AU600 autoanalyser, Olympus Optical, Tokyo, Japan). All patients were followed up in October 2018.  The follow-up period for each participant was > 3 years. The outcome of this study was defined as the initialisation of kidney replacement therapy.  

Statistical analysis
Latent class growth analysis was used to model individual pulse pressure trajectories over time. A one-group quadratic model was initially fitted to the data as it was hypothesised that the trajectories in our data set would be non-linear. A search for the optimal quadratic model was conducted by sequentially increasing the number of groups by one until model fit no longer improved. We also explored whether the same optimum model would have been concluded if a cubic model had been assumed, and if any group-specific cubic terms were statistically significant (p<0.05). Model fit statistics included Akaike Information Criteria (AIC), the Bayesian Information Criteria (BIC) and the sample-size adjusted BIC (ABIC), with lower absolute values of statistics indicating better model fit. Entropy (value 0-1) was used to indicate how well the model predicted class membership with values > 0.8 desirable [(13)]. We also considered that for a model to be optimal, all class sizes should be >1% of the total sample (to minimise the potential for the specific class not to be replicated in another dataset) and that class-specific average posterior probabilities were >0.7 (14). To check whether a global solution had been reached in the estimation algorithm, models were re-run using 5,000 different starting values to examine whether the same model likelihood was attained irrespective of starting values. If the highest log likelihood was repeated in more than two final stage solutions, a global solution was then concluded (15). All models were fitted using maximum likelihood estimation and missing data were assumed to be missing at random (15). 

 In each group defined by the latent class growth analysis, the marginal estimation of systolic blood pressure with diastolic blood pressure, creatinine and urine protein at each time point were analysed using General Linear Models, Time-specific fixed-effect estimates were presented with 95% confidence intervals, calculated using robust standard errors if the outcome was not normally distributed (16). 
 
Demographic, clinical characteristics and the antihypertensive treatments at the kidney-biopsy date were examined descriptively by trajectory group as continuous variables were tested by analysis of covariance and categorical variables were tested by Logistic regression. Data management and analysis were performed using Stata MP Software V15.1 (StataCorp, College Station, TX, USA).

RESULTS
Study population
A total of 203 malignant hypertension patients had a renal-biopsy and were diagnosed as malignant hypertensive nephropathy in 2010 and 2015 (median (Inter Quartile Range) age: 34.00 (28.50 to 41.00) years, 19.70% female). The clinical measurements, comorbidities and antihypertensive treatment are presented in Table-1. 
Trajectories of recovery
The cubic two-group model was deemed the optimal solution on low AIC, BIC and ABIC, high entropy and average posterior probabilities ≥0.78. By comparison, the three-group model had reduced entropy and lower posterior probabilities. The group sizes were (Table-1). The two groups n=84 (Group-1, n=84 and Group-2, n=119) were differentiated mainly on the pulse pressure 2 years before the biopsy-proven malignant hypertensive nephropathy.  Group-1 and Group 2 showed a similar pulse pressure 3 years before the biopsy-proven malignant hypertensive nephropathy.   However, 2 years before the biopsy, Group 2 had a significant increase, while Group 1 experienced a decrease in pulse pressure.  After this time. The pulse pressure in Group 2 decreased, while that in Group 1 increased such that by the time of biopsy, Group-2 showed a higher level of pulse pressure comparing Group-1 (Figure-1).

When comparing systolic and diastolic pressure for each of the two trajectory groups, there were distinctively differences in trajectory trends for systolic and diastolic blood pressure (Figure-2). For Group-1, systolic blood pressure increased from 3-year to 2-year and remained plateau between 2-year to 1-year prior to biopsy and then declined in the following 12 months before biopsy; diastolic blood pressure presented the linear decrease between 3-year to 1-year prior to biopsy and remained stable in the following 12 months. For Group-2, systolic blood pressure gradually increased over 3 years prior to biopsy and diastolic blood pressure remained stable unchanged high level.
There were no notable differences in trajectory trend for creatinine or 24-hour urine protein (Figure-3), with gradually increasing over the 3 years prior to biopsy slightly higher level of creatinine and 24-hour urine protein was observed in Group-2 at each time-point comparing with Group-1. 
Participant characteristics 
The overall sample characteristic observed by the biopsy showed distinctively difference patterns of re-distribution following trajectory-group assignment (Table-1). Comparing with Group-2, Group-1 had higher proportion of male gender, and farmer occupation; lower proportion of cardiovascular diseases, diabetes, and hypertensive retinopathy grade II or IV; higher level of eGFR, 24 hour urine volume, high density lipoprotein cholesterol, carbon dioxide combination power, total bilirubin, direct bilirubin, red blood cell count, and haemoglobin; lower level of body mass index, systolic and diastolic blood pressure, creatinine, HbA1c, triglyceride, total cholesterol, low density lipoprotein cholesterol, urine protein, urea, and urine acid. Despite people in each group taking at least one type of antihypertensive prescription, the proportion of each antihypertensive prescription was higher in Group-1 and the proportion of taking ≥ 3 types of antihypertensive drugs was also higher in Group-1, suggesting that patients in Group-1 were more likely to take multiple antihypertensive prescriptions.
Risk of end-stage renal disease
Table-2 shows the incidence of end-stage renal disease by group. After adjustment for age, gender, comorbidities and measurements by biopsy-date, Group-2 had 1.66 (1.51 to 1.84) higher risk of end-stage renal diease than those in Group 1.


DISCUSSION
	
Main findings
To our knowledge, this is the first study to use group-based modelling to examine prognostic trajectories of pulse pressure prior to diagnosis of biopsy-proven malignant hypertensive nephropathy. We were able to group more than 40% of patients into a better prognostic trajectory. Our study provided a clearly differentiated prior blood pressure and creatinine characteristic across each prognostic trajectory. Of the patient characteristic collected by the biopsy-date, many provided clear differentiated patient characteristics between two prognostic trajectories. Moreover, the two trajectories discriminated the future risk of end-stage renal disease, that suggest the trajectories would help to identify patients at high-risk of end-stage renal disease. 
Explanations / mechanisms of trajectories
In previous study, pulse pressure change over 10 years was found to be significant risk factor for mortality  in elder patients with hypertension(17). Blood pressure measurements were taken from existing reliable medical records, and our findings may provide some insights into their nature. In general the pattern (Group-1) we observed involved an increased pulse pressure between 2 and 3-years prior to biopsy, with subsequent decline over the following 24 months as would be predicted for better prognosis for malignant hypertensive nephropathy. This pattern represents patients with ‘first-increased –then-declined’ systolic blood pressure and continuously decreased diastolic blood pressure. The mechanism for this pattern might be implicated. It is possible that patients in this group might be tailored several intensive antihypertensive treatments (e.g. polypharmacy) at 3-year prior to biopsy with some adjustments in the following 12 months then fully engage with the most effective treatment. The unsuccessful blood pressure control in the adjustment period (between 2 and 3-years prior to biopsy) would explain the sharp increase in systolic blood pressure in this period (18). In contrast, the other group with decreased pulse pressure between 2 and 3-years prior to biopsy that increased over the following 24 months as would be predicted for poorer prognosis for malignant hypertensive nephropathy (19). This pattern represents patients with ‘slowly-growing’ systolic blood pressure and slightly decreased yet still high diastolic blood pressure, which might reflect the natural development of malignant hypertension (20). The mechanism might be patients without full engagement of intensive antihypertensive treatment or with under-prescription from medical settings as diastolic blood pressure constantly remained above 125 mmHg. Although the combined prescription of antihypertensive drugs for patients were not fully recorded over the 3 years prior to biopsy, the prescriptions pattern was less like to be dynamically changed for most patients over time. This study could still suggest which multi-antihypertensive prescriptions would be better, as higher proportion of multiple antihypertensive prescription in Group-1 comparing with Group-2.
Another explanation of the two differentiated trajectory groups might be the differences in comorbidities. As diabetes and cardiovascular diseases were more common to be observed in Group-2. Moreover, the clinical measurements like lipid profiles, HbA1c were higher in Group-2, which might suggest we observed a group of patients with poor conditions which were more likely to have poor prognosis (21). It would also be possible that these comorbidities and poor clinical measurements were newly developed over prior 3 years, which partly due to the unsuccessful blood pressure control over the period.

A further possible biological mechanism to explain the two trajectories, could be differences in renin activity among patients with malignant hypertension. Increased activation of renin-angiotensin-aldosterone system is evident among patients with malignant hypertension. It has been observed that plasma renin activity and an angiotensin 2-dependant aldosterone secretion does vary in patients with malignant hypertension (22, 23). Therefore, the distinctive patterns of pulse pressure observed in our study might reflect patterns of plasma renin activity and aldosterone among patients with malignant hypertension. However, neither plasma renin activity nor aldosterone were measured in this study.
 Renal function by trajectory
Although most patients involved in this study entered the cohort with severely reduced kidney function and similar patterns of creatinine and urine protein, the magnitude of mean creatinine and urine protein was lower in Group-1 than those in Group-2 at each year over 3 years. Group 2 had a 66% greater risk of developing end-stage renal disease. The mechanism behind the differences in renal function by trajectory could be reperfusion injuries caused by the deteriorated blood pressure over the period (7, 23). 
Clinical implications of trajectories
This study might have some clinical implications. First, the two distinctive prognostic trajectory groups suggest that more intensive antihypertensive therapy at least 3 years before the diagnosis of malignant hypertensive nephropathy would result in a better prognosis in the following 6 years (24). Second, the trajectory of pulse pressure identified in this study could be used as a tool to screen patients at high risk of developing the end-stage renal disease, which means at biopsy time, clinicians based on the recorded past 3 years’ pulse pressure to identify patients with high risk of development to end-stage renal disease. Patients could be then advised of their greater risk to maximise their adherence to home blood pressure monitoring, intensive treatment and their visits to clinic.
 Limitation of this study
The study has a number of limitations. Firstly, the antihypertensive treatment information over 3 years prior to diagnosis of malignant hypertensive nephropathy was not available although the dynamic change of prescription patterns were less likely to observe. Therefore the modification effect of antihypertensive treatments on the formation of trajectory could not be evaluated in this study and need to be further investigated in future studies. Secondly, 3 years of study in the retrospective cohort was short, and future studies with a longer retrospective period could more accurately establish the time-to-malignant-hypertensive-nephropathy.  In the current study, many patients had already developed reduced renal function 3 years prior to their biopsy. Thirdly, the sample size in our study is relatively small although biopsy-proven malignant hypertensive nephropathy is a rare condition in the general population. Future studies with a larger sample size are warranted. Fourthly, proportion of drug resistant hypertension could be different between two trajectory groups. The information of drug resistant hypertension was not available in this study. Therefore, future validation studies with this information are warranted. Finally, although male gender is more likely be affected by malignant hypertension, there might be potential distinctive trajectories of pulse pressure in female. Restricted by the sample size of female participants, gender specific trajectory analysis was not implemented in this study. Future studies in female gender are warranted.  

Two distinct trajectories for pulse pressure over 3 years prior to biopsy for malignant hypertensive nephropathy.  These findings suggest that progression to end-stage renal disease may be delayed or prevented in this group of patients with more intensive antihypertensive treatment, commencing as early as possible, with more frequent increments in therapy.   
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 Table-1. Patients’ baseline characteristics and clinical measurements overall and by trajectory group
Median with interquartile rage was presented for continuous variables.
P-value indicates the statistical difference between Group-1 and Group-2.
 
	 
	Measurements by renal-biopsy
	Group=1 (N=84)
	Group=2 (N=119)
	P-value

	Age, years
	34.00 (28.50 to 41.00)
	33.00 (28.50 to 40.00)
	34.00 (28.75 to 42.00)
	0.067

	Female gender, n (%)
	40 (19.70)
	15 (17.86)
	25 (21.01)
	0.004

	Marital status: Married, n (%)
	161 (79.31)
	62 (84.13)
	99 (83.58)
	0.056

	Farmers, n (%)
	84 (41.38)
	38 (45.45)
	46 (39.01)
	0.005

	Current smoking, n (%)
	83 (40.89)
	35 (41.67)
	48 (40.47)
	0.047

	Current drinking, n (%)
	85 (41.87)
	38 (45.30)
	47 (39.55)
	0.003

	Known cardiovascular disease, n (%)
	50 (24.63)
	19 (22.62)
	31 (26.05)
	0.001

	Diabetes, n (%)
	26 (12.81)
	5 (6.07)
	21 (17.39)
	<0.001

	Hypertensive retinopathy grading III or IV, n (%)
	25 (12.31)
	10 (11.90)
	15 (12.60)
	0.059

	Body mass, index, kg/m2
	28.25 (23.56 to 32.56)
	28.26 (22.32 to 31.63)
	29.12 (23.66 to 33.06)
	0.052

	Systolic blood pressure, mmHg
	200.19 (168.73 to 215.66)
	188.88 (167.51 to 190.25)
	203.95 (190.64 to 214.96)
	<0.0001

	Diastolic blood pressure, mmHg
	125.62 (115.43 to 135.97)
	121.06 (119.99 to 122.18)
	126.80 (118.35 to 137.25)
	<0.001

	Heart rates, times/min
	84.00 (77.80 to 90.50)
	84.00 (77.80 to 88.82)
	84.00 (77.80 to 90.50)
	0.052

	Breath rates, times/min
	20.00 (18.00 to 21.00)
	19.75 (17.67 to 21.00)
	20.00 (18.00 to 21.00)
	0.078

	Triglyceride, mmol/L
	1.74 (1.24 to 2.42)
	1.71 (1.25 to 2.39)
	1.90 (1.19 to 2.51)
	0.049

	Total cholesterol, mmol/L
	4.52 (3.84 to 5.41)
	4.47 (3.79 to 5.22)
	4.52 (3.87 to 5.45)
	0.047

	Low density lipoprotein, mmol/L
	2.79 (2.30 to 3.56)
	2.73 (2.26 to 3.28)
	2.85 (2.31 to 3.51)
	0.039

	High density lipoprotein, mmol/L
	1.02 (0.85 to 1.20)
	1.07 (0.84 to 1.31)
	1.00 (0.85 to 1.19)
	0.036

	24 hours urine volume, L
	2.13 (1.77 to 2.55)
	2.20 (1.85 to 2.42)
	2.13 (1.74 to 2.60)
	0.093

	Carbon dioxide-combining power, mmol/L
	22.12 (20.50 to 23.90)
	22.45 (21.05 to 23.67)
	22.12 (20.35 to 23.90)
	0.046

	Urine total protein, mg/24 h
	1.13 (0.88 to 3.67)
	1.06 (0.56 to 4.91)
	1.15 (0.90 to 3.42)
	0.041

	Urea, mmol/L
	13.86 (9.42 to 19.66)
	12.96 (8.85 to 18.84)
	14.61 (10.10 to 19.93)
	<0.001

	Urine acid, µmol/L
	433.45 (372.60 to 498.33)
	417.27 (372.60 to 498.33)
	434.50 (369.67 to 498.33)
	<0.001

	Mean corpuscular haemoglobin concentration, g/L
	331.50 (325.00 to 3366.50)
	331.33 (325.00 to 336.50)
	331.50 (323.00 to 336.50)
	0.021

	Total bilirubin, µmol/L
	6.24 (4.83 to 8.90)
	6.40 (5.00 to 9.00)
	6.24 (4.83 to 8.65)
	0.016

	total protein, g/L
	64.65 (59.69 to 69.80)
	67.15 (61.10 to 70.60)
	63.90 (59.40 to 68.80)
	<0.001

	Albumin, g/L
	40.90 (37.30 to 44.35)
	42.61 (38.10 to 44.85)
	40.30 (37.23 to 43.76)
	<0.001

	Direct bilirubin, mg/dL
	2.73 (2.13 to 3.40)
	2.85 (2.26 to 3.38)
	2.70 (2.10 to 3.40)
	0.035

	Alkaline phosphatase, IU/L
	69.50 (60.50 to 86.50)
	67.74 (58.69 to 80.40)
	70.00 (61.25 to 86.50)
	<0.001

	Phosphorus, mmol/L
	1.39 (1.23 to 1.60)
	1.36 (1.23 to 1.61)
	1.40 (1.23 to 1.60)
	0.042

	Red blood cell, 1012/L
	4.10 (3.47 to 4.68)
	4.12 (3.36 to 4.68)
	4.09 (3.47 to 4.72)
	0.037

	Red blood cell distribution width, %
	13.87 (13.25 to 14.40)
	13.87 (13.30 to 14.40)
	13.85 (13.23 to 14.39)
	0.073

	Haematocrit, %
	0.41 (0.35 to 9.44)
	0.41 (0.35 to 3.82)
	0.42 (0.35 to 10.79)
	0.048

	Creatinine, μmoI/L
	347.87 (196.00 to 561.15)
	264.40 (171.00 to 551.90)
	365.27 (204.00 to 581.13)
	<0.001

	estimated glomerular filtration rate, mL/min/1.73m2
	23.88 (13.38 to 42.79)
	27.31 (15.42 to 48.25)
	20.50 (12.18 to 41.23)
	<0.001

	HbA1c, %
	5.34 (5.06 to 5.50)
	5.33 (5.00 to 5.50)
	5.50 (5.13 to 5.95)
	0.001

	platelet distribution width, %
	16.95 (16.50 to 17.33)
	16.95 (16.40 to 17.41)
	16.95 (16.53 to 16.95)
	0.078

	Platelet hematocrit, %
	0.17 (0.13 to 0.21)
	0.17 (0.13 to 0.21)
	0.17 (0.13 to 0.21)
	0.083

	Haemoglobin, g/L
	117.00 (100.00 to 131.71)
	120.75 (101.56 to 131.71)
	116.00 (99.50 to 131.71)
	<0.001

	Taking angiotensin converting enzyme inhibitors, n (%)
	15 (7.33)
	7 (7.83)
	8 (6.97)
	0.026

	Taking angiotensin receptor blockers, n (%)
	54 (26.73)
	25 (30.24)
	29 (24.25)
	<0.001

	Taking beta-blocker, n (%)
	87 (42.78)
	38 (45.69)
	48 (40.72)
	<0.001

	Taking calcium channel blockers, n (%)
	127 (62.73)
	56 (66.74)
	71 (59.9)
	<0.001

	Taking diuretics, n (%)
	27 (13.07)
	14 (16.34)
	13 (10.76)
	<0.001

	Taking alpha blockers, n (%)
	72 (35.43)
	34 (40.25)
	38 (32.03)
	<0.001

	Taking central action of antihypertensive drugs, n (%)
	10 (4.87)
	4 (4.76)
	6 (4.95)
	0.021

	Taking ≥ 3 types of antihypertensive drugs, n (%)
	83 (40.89)
	39 (46.43)
	44 (36.97)
	<0.001






Table-2. Absolute risk and adjusted incidence rates ratio of end-stage renal disease (proxied by kidney replacement therapy) by trajectory membership
Age, gender, comorbidities (cardiovascular diseases and diabetes), systolic and diastolic blood pressure, eGFR, urine protein, low density lipoprotein, and HbA1c were adjusted.

	 
	No. of KRT
	Incidence, %
	Adjusted Incidence rates ratio

	Group -1 (N=84)
	13
	15.5 (8.24 to 26.5)
	reference

	Group -2 (N=119)
	27
	22.7 (15.0 to 33.0
	1.66 (1.51 to 1.84)





























Figure Legends
Figure-1. Pulse pressure by group-based trajectory membership.

Circle line indicates Group-1 trajectory; Diamond line indicates Group-2 trajectory.
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Figure-2. Comparison of systolic and diastolic blood pressure over time, by group-based trajectory membership.  
Circle line indicates Group-1 trajectory; Diamond line indicates Group-2 trajectory.
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Figure-3. Comparison of creatinine and urine protein over time, by group-based trajectory membership.  
Circle line indicates Group-1 trajectory; Diamond line indicates Group-2 trajectory.
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